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Chapter 1 
Introduction and Outline 
1.1 General Introduction 
Brain damage resulting from head injury is one of the more common neu-
rological disorders in children. Although head injury may of course occur 
at any age, especially infants and school age children run a large risk. In 
particular non-penetrating, closed head injuries are often seen. In children 
with Closed Head Injury (CHI), a wide range of permanent sequelae may re-
sult: neurological, neuropsychological and/or psychosocial functions may 
be affected, depending on the brain area involved, the severity of the injury 
and the age at the time of the accident. However, as the presence, nature 
and degree of the residual deficits vary widely, such a general statement 
offers little in the way of meaningful information for individual cases. 
Changes of personality (Levin & Eisenberg 1979) and cognitive impair-
ments (Capruso & Levin 1992) are among the most disabling possible se-
quelae from CHI in childhood. A variety of personality changes from head 
injury is reported, resulting in e.g. deterioration of relationships at home 
and with peers, or parents demonstrating exaggerated protectiveness, to the 
point where the children are virtually socially isolated during the first year 
post-trauma. Neuropsychological evaluation is required to identify specific 
deficits in the domains of intelligence, memory and attention and/or in-
formation processing. Moreover, clinicians find themselves assessing and 
dealing with indirect factors which bear upon the outcome of any injury to 
the brain such as premorbid disturbances, environmental factors and family 
reactions. 
In general, research into the overall recovery from CHI so far has focused 
on improving the prediction of outcome of (very) severe head injuries. 
These studies often report on mortality and on quality of survival (Brink et 
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al. 1970, Brown et al. 1981, Chadwick et al. 1981a, 1981b, Levin et al. 1982a, 
Eiben et al. 1984, Filley et al 1987, Kriel et al. 1988, Dickerson-Mayes et al. 
1989, Asamow et al. 1991). In children with severe head injuries, more suc-
cessful treatment methods probably resulted in a decrease in deaths due to 
brain injury (Braakman et al. 1980). The number of disabled survivors has 
certainly increased over the past decades. Several studies of CHI children 
who where categorized as having experienced severe brain injuries have 
shown considerable intellectual impairment and severe scholastic retarda-
tion (Brink et al. 1970, Klonoff et al 1977, Levin & Eisenberg 1979a, 1979b, 
Chadwick et al. 1981a, 1981b). 
Much less is known about the long-term consequences and recovery ten-
dency in children with mild and moderately severe CHIs. It is consistently 
observed that the likelihood of residual cognitive deficits increases pro-
gressively with the severity of the trauma (assessed either by the duration 
of coma or by that of post-traumatic amnesia) (Brink et al 1970, Levin & 
Eisenberg 1979a, 1979b). This justifies the probabilistic statement that the 
intellectual disability is indeed caused by cerebral injury. However, at the 
same time, even a particular proportion of the children with relatively short 
coma or no loss of consciousness at all frequently exhibit significant neu-
ropsychological impairments (Fuld & Fisher 1977, Klonoff et al. 1977, Levin 
& Eisenberg 1979a, 1979b, Rimel et al 1981, Farmer et al 1987, Fletcher et 
al. 1987, Murray et al. 1992). Some children with CHI demonstrate serious 
post-traumatic intellectual impairment long after normalisation of EEGs 
and neurological evaluations (Fuld & Fisher 1977). Placement in special 
school classes was necessary for several years after the injury. The high 
incidence of paediatric CHI resulting in persistent sequelae motivates the 
search for specific treatment of this group of patients. Recognition of specific 
neurological and neuropsychological problems after head injury should fa-
cilitate the planning of the patients' education and provide indications to 
apply rehabilation services such as remedial instruction, physical therapy, 
function training. In addition, the use of quantitative neurological and 
neuropsychological procedures to evaluate recovery could provide more 
sensitive and reproducible measures of quality of outcome and allow for a 
better comparison of different paediatric CHI studies. 
When comparing existing studies on paediatric CHI, major methodologi-
cal problems arise. To assess the initial severity of the injury, different studies 
tend to use different measures. Coma duration, length of Post-Traumatic 
Amnesia (PTA) period and Glasgow Coma Scale (GCS) are among the more 
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commonly used ones, but other additional criteria, e.g. neuroradiological 
or neurophysiological findings, are used as well. Methodological prob-
lems also arise from the wide range of neurological and neuropsychological 
assessment techniques used in the evaluation of neurological and neurobe-
havioural outcome of paediatric CHI in the different studies. Many studies 
are not even remotely similar in this respect. A strict definition of acute neu-
rological indices of severity of paediatric CHI as well as systematical serial 
testing and long-term follow-up examinations would appaer to be essential. 
This would help to evaluate the long range implications of findings during 
earlier stages of recovery. The pattern of associations between severity of 
the trauma and post-traumatic sequelae leads to the inference of a causal 
hypothesis that perceives particular sequelae as an effect stemming from 
brain injury. To adequately test any causal hypothesis, cross-sectional sta-
tistical associations of prospective data and evidence of a "dose-response" 
relationship are necessary. That is to say, it is necessary both to demonstrate 
a change of neurological findings, cognition or behaviour following brain 
injury, and to show that the risk of occurrence is progressively linked with 
the extent of brain injury. A longitudinal clinical study of children suffering 
head injuries is most appropriate to examine these issues. 
This thesis presents the results of two such studies, viz. a retrospective 
"pilot" study and a more comprehensive prospective follow-up study. Both 
studies focused on the long-term sequelae of paediatric CHI, with special 
attention to the mild and moderately severe injuries. The relation between 
acute neurological severity indices and the long-term sequelae of brain 
damage from CHI in childhood is studied in detail. 
The work described in this thesis is part of a joint research programme of 
the BIO Rehabilitation Centre for Children in Arnhem, the Netherlands, and 
the Institute of Neurology as well as the Child Neurology Centre of the Uni-
versity Hospital Nijmegen St. Radboud. In addition the Nijmegen Institute 
for Cognition and Information NICI participated in the neuropsychological 
part of this study. 
1.2 Outline of the Research Programme 
The prime purpose of the research programme has been to investigate both 
the frequency and the nature of any resulting long-term neurological defects, 
school problems and behavioural impairments following CHI in childhood 
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and to identify factors by means of which the development of such residual 
disorders could be predicted at an early stage. 
The first step has been to conduct a pilot study to get an impression of the 
sequelae of CHI in young patients. This pilot study retrospectively drew on 
patients who had been hospitalized in the University Hospital Nijmegen un-
der the diagnosis "diffuse brain contusion". An essential requirement was 
that patients in the sample should meet our criteria of CHI. Thus patients 
with any local brain damage, such as intracranial haematomas, depressed 
fractures of the skull or otherwise penetrating wounds, as well as patients 
who underwent neurosurgical intervention (with exception of the insertion 
of an intracranial pressure transducer), were not included in this study. 
Seventy patients between 4 and 18 years of age and their parents could be 
traced which consented to participate in this first study. For each of these 
patients the neurological and neurobehavioural status was assessed. This 
took place at least two years after the head injury. In this part of the study 
coma duration was adopted as a measure for the severity of brain damage. 
It proved impossible to trace retrospectively the PTA data for all patients. 
This pilot study demonstrated that even patients with CHI involving a 
coma duration of one hour or less sometimes show long-term neurologi-
cal, neuropsychological and/or psychosocial residual symptoms and that 
patients who had been in coma for one week or more always suffer some 
such residual symptoms. Moreover, it was found that a number of seque-
lae, in particular behavioural and /or personality changes as well as slight 
intellectual defects, often go unrecognized at an early stage: whereas the 
initial neurological and psychoreactive changes regress in most cases, symp-
toms such as headache, dizziness, poor concentration, lack of confidence, 
anxiety, fatigability etc. frequently persist. These symptoms may result in 
psychosocial problems and impaired school performance. It was found that 
even patients with neurologically little or no function loss, after the accident 
did suffer from disturbing mental and psychosocial disorders in the realm 
of family life or school. Full details of the pilot study are the subject of 
Chapter 2 of this thesis. 
Reviewing the literature it was found that the sequelae of severe CHIs 
have received much attention, in particular in adults. The effects of mild 
and moderately severe head injuries however are less well established and 
still less is known about their effects in children. When comparing different 
studies, two major methodological issues were encountered. A remarkable 
problem is the lack of procedural uniformity both in assessment of sever-
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ity of the injury as well as in establishing the neuropsychological outcome. 
This clearly calls for outcome research which integrates acute neurologi-
cal indicators (e.g. GCS, duration of coma or PTA, neuroradiological and 
neurophysiological findings) with the results of serial administration of 
neuropsychological tests for some time after the accident. Consistent serial 
testing of children (or at least testing after an extended period of time) is 
essential to the evaluation of the long range impact of particular conditions 
during the earlier stages of recovery. A comparative review of the litera-
ture concerning studies on recovery from CHI in childhood is presented in 
Chapter 3. 
Based on the findings of the pilot study, it was decided to start a sec-
ond, more comprehensive, prospective study of children with CHI. The 
main aim of this second study is to investigate in detail the relation be-
tween a number of well defined initial neurological trauma parameters, in 
particular the duration of coma and of PTA, and the occurrence of early 
and long-term residual defects in children meeting our CHI criteria. To 
prevent interference from premorbid disorders, very strict inclusion criteria 
were introduced: children were eligible for enrollment only if they had a 
premorbid IQ of at least 75, no known history of psychiatric, neurological 
or neuropsychological disturbances, no previous traumatic brain injury re-
quiring hospitalization, no suspected physical abuse and no pre-existing 
major motor impairment. In addition we limited our study to children 
resident in the Netherlands and with Dutch-speaking parents. The basic 
research group consisted of all children aged 2 to 15 years who in the period 
1985 through 1987 were presented at the emergency room of the University 
Hospital Nijmegen St. Radboud with CHI resulting in a documented loss of 
consciousness or prolonged amnesia. Those children meeting the selection 
criteria were entered into a CHI protocol and followed for two full years 
after discharge. 
In the acute phase a large number of neurological trauma indicators 
were recorded, among which the duration of coma and of PTA. Whereas 
in both clinical practice and scientific research, the GCS (and its paediatric 
counterpart: the Adelaide Paediatric Coma Scale) offers a world-widely 
accepted method to define and report consciousness disorders, no such well-
defined and generally accepted procedure existed to establish PTA. In fact, 
the relevant literature pays hardly any attention to the specific problems that 
arise when determining the duration of PTA in young children. Therefore 
an appropriate PTA procedure, was developed first, the details of which are 
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described in Chapter 4. 
During the follow-up period all patients included in the study underwent 
neurological and neuropsychological examinations, first at discharge from 
hospital and then at 3,6,12 and 24 months thereafter. Four main categories 
of sequelae were distinguished: neurological defects, somatic symptoms, 
personality/behavioural changes and school problems. Information on 
premorbid developmental history as well as on psychosocial and cognitive 
functioning of the child was obtained immediately after admission by means 
of questionnaires to be completed by the parents and by the school teacher 
respectively. These questionnaires were repeated on the successive follow-
up intervals to obtain information on personality/behavioural changes and 
school problems. The data thus obtained have been used to study the 
relation between the durations of coma and of PTA and the occurrence of 
long-term sequelae. Full details and results of this part of the study are 
presented in Chapter 5. 
In our study we also tried to answer the question whether electroen-
cephalography (EEG) and computed tomography (CT scan) are useful pre-
dictive tools in children with mild and moderately severe CHIs. Especially 
EEG is well suited to characterize a state of diffuse neuronal dysfunction 
such as after severe concussion. The EEG is known for instance to change 
with varying degrees of head trauma (Koufen 1977, Bricolo et al. 1979, 
Landau-Ferey & Bour 1980, Mizrahi & Kellaway 1984). CT scanning of the 
brain provides information concerning gross structural damage. Several 
studies showed that CT scan abnormalities increase proportionally with 
the clinical severity of head injuries (Merino-de Villasante & Taveras 1976, 
Snoek et al. 1979, Espersen & Petersen 1982, Marshall & Bowers 1985). In 
the acute phase an EEG and a CT scan were recorded for most patients of 
our research group. The data and their analysis are discussed in Chapter 6. 
The next topic in our study was the feasibility of measurements of evoked 
potentials (EPs) to document neurophysiological deficits or to determine 
prognosis in children with brain damage. Several authors already had 
studied EPs in patients with head injuries. Papanicolaou and co-workers 
(1984) studied the use of the long-latency component P300 in adults as 
a physiological index of cognitive function. The latency time was used 
to differentiate cognitive impaired from cognitive recovered patients af-
ter CHI. They found the P300 latency time to correlate with the duration 
Qf PTA. Drake & John (1984) reported P300 latencies in adults with post-
concussive syndrome which were significantly longer than in age-matched 
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control subjects. Also reports on the short-latency EP components in re-
lation to the assessment and prognosis of patients with coma after head 
injuries are available (Greenberg et al. 1977,1981, Lindsay et al. 1981). 
In our study we recorded short- and long-latency somatosensory evoked 
potentials (SEPs), once in the acute phase after the patient regained con-
siousness and once again after one year. Due to its rather unpleasant nature, 
the SEP examination was restricted to the most severe cases in our study 
population. For reference an age-matched control group of healthy children 
was recruited to provide normative SEP data. The results of the SEP mea-
surements were subjected to correlation analyses to study their quality with 
respect to the prediction of residual disorders. Details and conclusions are 
discusssed in Chapter 7. 
Chapter 8 reports on a study of neuropsychological recovery in 25 mod-
erate and severe CHI patients. Post-injury development of the neurobe-
havioural condition was documented by means of a comprehensive neu-
ropsychological test battery which assessed the most vulnerable functional 
systems, viz. intellectual abilities, memory and attention. The first neu-
ropsychological testing was carried out during the clinical phase, shortly 
after full orientation was regained. These tests were repeated 3, 6, 12 and 
24 months thereafter. The main topic of this study was to get a better un-
derstanding of the actual course of recovery of the main cognitive functions 
during the first two years following the injury. In addition, the difference 
in recovery between moderate and severe CHI patients is studied. 
Chapter 9 presents a summary and concluding remarks. It contains a 
number of recommendations and suggestions for future research. 
Most of the Chapters in this thesis have been published as independent 
articles. A certain amount of repetition is therefore inevitable. 

Chapter 2 
Long-Term Sequelae of Brain Damage 
from Closed Head Injury in Children 
and Adolescents 
M.B.M. Ruijs, A. Keyser, FJ.M. Gabreëls 
Clinical Neurology and Neurosurgery 92,323-328 (1990) 
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Abstract 
A study was made of the sequelae of brain damage in young patients. 
Seventy patients between 4 and 18 years, admitted under the diagnosis 
"diffuse brain contusion", have been followed at least two years after head 
injury. The degree of function impairment in the fields of motor skills, 
cognition and behaviour was recorded. It was found that many patients 
with neurologically little or no function loss, nevertheless after the accident 
did suffer from psychosocial problems in the realm of family life, school or 
profession. Based on these findings, the authors recommend a consequent 
and systematic follow up of patients if they have been in coma for more than 
one hour, the objective being the early assessment of such dysfunctions, 
followed by adequate assistence. 
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2.1 Introduction 
A wide range of permanent residual symptoms may occur in patients with a 
status of trauma capitis, depending on the brain area involved and severity 
of the injury. Residual symptoms are defined as functional disorders and re-
strictions which persist long after the acute phase of the brain damage, and 
which impair the reintegration of the patient with his environment. These 
residual symptoms can be of a neurological, cognitive, psychiatric and/or 
psychosocial nature (Kleinpeter 1980, Rutter et al. 1980, Brown et al. 1981, 
Chadwick et al. 1981a, Levin et al. 1983, Lanser 1985, Schaap-Hummel & van 
Nieuwenhuizen 1985). The Dutch health services provide a well organized 
and well equipped system of post-clinical rehabilitation and aftercare, a.o. 
through rehabilitation centres. The accessibility of this system for the indi-
vidual patient is mainly determined by the apparent residual symptoms at 
the time of discharge from hospital. 
Based on incidental observations, the suspicion grew that a number of ap-
parently completely cured patients nevertheless would develop psychoso-
cial problems at school, work, or at home, in the course of time. 
In general, behavioural and personality changes, as well as slight intel-
lectual defects, caused by the brain damage, are hard to recognize at an early 
stage, particularly in children (Klonoff et al. 1977, Levin & Eisenberg 1979a). 
These changes are not noticed until the child returns to his own environ-
ment with the original quality standards, when these standards may prove 
to be out of reach for the child. Until recently, the main focus of research was 
on objectively measurable neuropsychological phenomena, i.e. phenomena 
which can be tested and which can be described in terms of neurological and 
cognitive disorders. In the last few years, a number of neuropsychological 
phenomena less open to objectification, such as personality deterioration 
and cognitive defects, and their resultant psychosocial problems also have 
been studied (Remschmidt 1977, Sharli & Weber 1981, Minderhoud et al. 
1982, Levin et al. 1983, Minderhoud & van Zomeren 1984, Lanser 1985, 
Schaap-Hummel & van Nieuwenhuizen 1985). This literature shows that 
complaints which emerge only some time after the trauma orginate mainly 
in neuropsychological phenomena such as attentional disorders, slowness 
of thought and memory impairment in addition to emotional defects, such 
as short-temperedness. These effects of diffuse brain damage are very dif-
ficult or even impossible to recognize during the clinical phase. To obtain 
a better understanding of their frequency, a follow-up study of a cohort of 
consecutive patients was conducted. 
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Figure 2.1: .Age distribution in the research population. 
2.2 Patients and Methods 
Over a period of three years, 118 patients in the age group between 4 and 
18 had been admitted under the diagnosis of "contusio cerebri" with dif­
fuse brain damage. Patients with local brain damage, such as intracranial 
haematomas (epidural or subdural haematomas), depressed fractures of the 
skull or otherwise penetrating wounds, as well as patients who underwent 
a neurosurgical intervention (with exception of the insertion of an intracra­
nial pressure transducer), have been excluded from the study. From the 
group of 118,70 patients and their parents could be traced which consented 
to participate in the study. Figure 2.1 shows the age distribution at the time 
of admittance of both the total group (118) and the participating group (70). 
For these 70 patients we determined the severity of the initial brain dam­
age. The relevant literature often employs the duration of coma and/or the 
duration of post-traumatic amnesia (FTA) as measure to classify the degree 
of brain damage. In patients with intact mental functions (consciousness, 
orientation and memory), the PTA is usually defined as the period from the 
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moment of the accident till the time continuous memory is regained (Russell 
1971, Minderhoud & van Zomeren 1984). The duration of the coma can be 
determined by way of the Glasgow Coma Scale, which was introduced by 
Teasdale & Jennett (1974). This Glasgow Coma Scale is also known as EMV 
score (Eye-opening, Motor-response, Verbal-response) (Table 2.1). Coma is 
defined as the period of unconsciousness during which the patient does not 
open his eyes, does not say a word and does not react to requests, pain 
stimuli etc., and hence corresponds to an EMV score of 1-5-2 or less (Levin et 
al. 1983, Minderhoud & van Zomeren 1984). In this study we have adopted 
the coma duration as a measure for the severity of the brain damage and 
accordingly have classified the patients in seven categories (Table 2.2). Al-
though the duration of PTA is generally considered a more reliable measure 
of severity, it proved impossible to trace the PTA data for all patients. 
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Table 2.2: Coma duration as classification criterion for the severity of the injury. 
Of the total group of 118 patients, three patients have not been classified because 
they died, two could not be classified because of a paediatric concussion syndrome. 
Coma duration 
No coma 

























Information about the psychosocial effects of the brain damage has been 
obtained by means of interviews. To this end all 70 patients participating 
in this study have been visited in their home situation between two and 
four years after the brain damage had occurred. During this visit we first 
interviewed (one of) the patients' parents, preferably so in the absence of the 
patient. The interview focused on a list of specific questions with regard to 
such topics as personality and/or behavioural changes, relational disorders, 
school performance, problems at home, at school or at work and the degree 
of post-clinical assistance needed. Immediately after the interview we saw 
the patient himself for a limited physical examination. At the same time we 
formed a notion of the patients' psychosocial situation, thus complementing 
the information obtained from the parent(s). At the end of each visit, the 
interviewer completed the interview score form. The answers had either 
to be coded binary (no=0/yes=1 ) or to be rated on a scale of integer values 
{e.g. none=0/severe=3). All interviews have been conducted by the same 
person (M.R.), thus ensuring consistent scorings. 
The data obtained in this way have been used in an attempt to identify 
factors by means of which the development of such residual disorders could 
be predicted at an early stage, with a view to arriving at better aftercare and 
therapy. 
Long-Term Sequelae of Brain Damage 15 
2.3 Results 
Of the 70 patients, 63 were discharged from the hospital after the acute phase. 
Of the other seven patients, four were referred to a rehabilitation centre, 
two patients were transferred to a nursing-home and one to a psychiatric 
crisis centre. At the time of the interview, three patients still remained at a 
nursing-home or psychiatric hospital and two of the original four patients 
were still at the rehabilitation centre. All others had returned to the home 
situation (58) or had gone to live on their own (7). 
Research into the continuation or discontinuation after the accident of 
the orginal level of education, and into the possible occurrence of problems, 
revealed that 38 (57%) out of the 66 schoolgoing children in this study were 
able to continue their education without any problems whatsoever. They 
obtained similar results to those before the enforced break resulting from 
hospital stay. Fifteen patients (23%), although able to continue their educa-
tion, experienced substantial problems such as weakness of concentration, 
memory impairment, slowness in understanding and/or action and prob-
lems in keeping up with their peers. As a result they had to repeat a form. 
Five patients (8%) had to give up their original education and to continue 
at a lower level. Eight (12%) were either forced to switch to individual 
education, or were no longer capable of attending any school at all. 
Relating the observed school problems to the severity of the brain injury, 
we find that a coma duration of one week is the outside limit for which 
the original education could still be continued. Of the 11 patients who had 
suffered a coma duration of more than one week, 10 (91%) showed a clear 
decline in school performance, most probably as a result of concentration 
weakness and/or memory impairment. Of those patients who had been in 
a coma which lasted from 15 minutes to one week, school problems were 
observed in 10 out of 17 patients (59%). In patients who had been in a coma 
for 15 minutes or less, school problems occurred in 8 out of 38 patients (21%). 
We thus establish a clear relationship between the severity of the trauma (as 
measured by the duration of the coma) and the amount of school problems 
after the accident. The findings with regard to the course of education after 
the accident are summarized in Table 2.3. 
Personality and/or behavioural changes as a result of the trauma have 
been observed in 28 patients (40%). Moderate to severe contactual problems 
at home and in the immediate environment were reported which did not 
exist before the accident. Six of the 28 patients showed distinct uninhib-
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Table 2.3: Relation between coma duration and the amount of post-accidental 
school problems. 
Coma duration < 15 mins 15 mins-1 week > 1 week 
Number of patients 38 17 11 
School problems 8 (21%) 10 (59%) 10 (91%) 
Concentration weakness 8 (21%) 7 (41%) 9 (82%) 
Memory impairments 6 (16%) 4 (24%) 9 (82%) 
ited behaviour such as hyperactivity, impulsiveness, emotional instability, 
absence of normal anger control and unrestrained short-temperedness. In 
six others explicitly inhibited behaviour in the form of bradyfrenia, extreme 
fatigability of initiative, quick loss of interest and psychomotor activity 
with strongly slowed down mental and emotional functioning, was found. 
Thirteen adolescents exhibited a combination of bradyfrenia and sudden 
uninhibited activities. Three showed changes which cannot be classified. 
Here too, a clear relationship is found between the degree and amount of 
behavioural changes and duration of the coma. Distinct personality changes 
are present in all 11 patients with a coma duration of more than one week, 
and in 17 out of 59 patients (29%) with a coma duration of less than one 
week (Table 2.4). In this last group of relatively less severe patients, we 
observed the largest amount of problems. These patients often live at home 
and neither the patients themselves nor their parents receive any aftercare 
at all, resulting sometimes in very difficult home situations. 
In addition to school problems and/or behavioural changes, neurological 
residual disorders sometimes exist. Severely disabling neurological residual 
symptoms are found in each of the five patients with a coma duration of 
more than four weeks. In the group of one to four weeks coma duration, 
four of the six patients (67%) showed slight to severe neurological residual 
symptoms: motor and/or aphasie residual symptoms and coordination 
disorders. In the group with a coma duration of less than one week, 9 of the 
59 patients (15%) experienced neurological residual symptoms, of which 
more than 50% concerned only the cranial nerves (visual and auditory 
residual symptoms). Again a clear relationship is seen between neurological 
residual symptoms and the duration of coma. 
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Table 2.4: Relation between coma duration and post-accidental personality 
changes. 
Coma duration 
Number of patients 




















On the basis of this study, the general conclusion can be reached that the 
amount and severity of residual symptoms after diffuse brain damage, in-
crease with the duration of the coma. Very sharp boundaries cannot be 
indicated as to whether or not residual symptoms will occur. From our 
study we find that after a brain contusion with a coma lasting one hour or 
less, 14 out of 44 patients (32%) show some neurological, neuropsycholog-
ical and/or psychosocial residual symptoms, whereas such symptoms are 
always present in patients which have been in coma for one week or more. 
For the group having suffered a coma lasting between one hour and one 
week the results are somewhat in between: we find residual symptoms in 
60% of the patients. A summary of results per category is given in Table 2.5. 
It should be realized that the results quoted for the group with a coma dura-
tion between 15 minutes and one hour, have limited statistical significance 
due to the small number of patients (four) in this category. 
Most striking result of our study is that many of the long-lasting resid-
ual symptoms prove to be of a neuropsychological nature (e.g. attentional 
disorders, memory impairments, slowness and emotional defects such as 
quick irritability and instability). Moreover, such residual symptoms, in 
particular deterioration of personality and possible cognitive defects, are 
frequently observed even in the less severe traumas. Most of the com-
plaints which are encountered two or more years after the trauma refer 
to emotional phenomena. It is established that - apart from such somatic 
phenomena as permanent paralysis or motor coordination disorders - the 
final post-traumatic residual condition is mainly determined by residual 
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Table 2.5: Summary of registrateti residual symptoms at least two years after the 
brain damage occurred. 
Coma duration 
and number of 
patients 
No coma 9 
< 15 mins 31 
15-60 mins 4 
1-24 hours 9 
1-7 days 6 
1-4 weeks 6 




























































symptoms of a neuropsychological nature. 
We understand neuropsychological residual symptoms to be organically 
based, complex psychological functional disorders, which cannot initially 
be explained as defects in consciousness, mood or character. The main char-
acteristics of such residual symptoms are: memory disorder, abnormalities 
of registration of events and poor assimilation of information (Goldstein 
1942). These post-traumatic phenomena are relatively neglected in perti-
nent literature, despite their high rate of occurrence (Kleinpeter 1975, Osson 
et al. 1979). Deelman et al. (1980) explain this as follows: these injuries often 
strike in a generalized way, and as a result they are diffusely localized. The 
symptoms and complaints differ greatly from the classically circumscribed 
cortically localized functional disorders. As a rule, localized damage causes 
circumscript break-down symptoms such as aphasia, agnosia or apraxia. 
There are often also occurrences of post-traumatic epileptic seizures and/or 
motor and /or cognitive deviations. However, if the trauma strikes in a 
generalized way, the effects will occur more in the area of intellectual dis-
orders and behavioural defects, which are less tangible to diagnosis. For 
many years, clinical neuropsychology has been mainly interested in the 
more localized defects. The ideal field of study was considered to be the 
combination of sharply defined and localized lesions on the one hand and 
specific and isolated behavioural deviations and functional disorders on 
the other (Deelman et al. 1980, Chadwick et al. 1981c, Levine et al. 1981). 
Research into more diffuse damage and possibly related deviations on a 
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behavioural and intellectual level did not bloom in this climate. This re-
search mostly demonstrates relatively slight problems, which are noticed 
only in surroundings with high quality standards. These emotional resid-
ual symptoms are often categorized under the "post-traumatic syndrome". 
In general, the complaints and symptoms are "subjective", i.e. they are re-
ported by the patient himself or by those in his immediate environment. As 
these complaints turn out to be surprisingly common in slight traumas as 
well, they are sometimes interpreted as a neurotic assimilation of the acci-
dent. It would be an improvement if these so-called subjective complaints 
could be approached quantitatively through neuropsychological research. 
The clinical relevance of this point is clearly illustrated by the fact that 
in the course of this study we have seen quite some patients who at the 
time of their discharge seemed to be completely recovered but neverthe-
less after some time exhibited problems of a psychosocial nature. Such 
residual symptoms, which originate from neuropsychological disorders, 
manifest themselves only at a later stage and are related to effects of diffuse 
brain damage which can hardly be recognized during the clinical phase and 
therefore escape early diagnosis. Clearly, these problems do not yet receive 
sufficient systematical attention and as a result, the young victims run a sub-
stantial risk of ending up in an (aftercare) vacuum. Early awareness of the 
occurrence of these post-accidental problems enables the doctor in charge to 
point out the way to adequate aftercare and treatment to the patient and /or 
his parents, in order to prevent a pathological development. 
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Abstract 
We present a review of recent prospective studies of long-term outcome 
in paediatric closed head injury. Special attention is given to the relation-
ship between the neurological trauma parameters and neuropsychological 
outcome. First we discuss the most important methods of assessing the 
severity of the injury. We review the most prominent neurobehavioural and 
cognitive sequelae. Subsequently we address the question of prediction of 
residual sequelae in view of the early trauma parameters. The main prob-
lem when comparing different studies is the lack of procedural uniformity 
both in assessment of the severity of the injury as well as in measurement 
of neuropsychological outcome. Inconsistencies and discrepancies among 
various studies are pointed out. We summarize those results which are 
supported by many studies and hence are less controversial. In addition 
we present some recommendations for future investigations. 
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3.1 Introduction 
Closed Head Injury (CHI) is an increasingly common problem. In children 
and young adults it represents a significant cause of morbidity and mortality. 
Studies on the outcome of children surviving head injuries have identified 
lasting cognitive and emotional sequelae. Recent longitudinal research 
on the eventual recovery from traumatic brain damage has focused on 
improving the prediction of long-term outcome. In order to quantify the 
amount of residual defects from head injury and to get an impression of 
its recovery in the course of time, detailed and accurate investigation of 
outcome is necessary. Consistent documentation of the neurological trauma 
parameters in the acute phase is required to determine prognostic indicators 
for the occurrence of residual defects. Although in the literature the sequelae 
of severe head injury have received much attention (e.g. Brink et al. 1970, 
Jennett et al. 1979, Mahoney et al. 1983, Baracchini-Muratoria et al. 1985, 
Berger et al. 1985, Zuccarello et al. 1985, Kriel et al. 1988, Dickerson-Mayes 
et al. 1989, Asarnow et al. 1991), the effects of minor head injury are less 
well established. Systematic studies of prognostic features in patients with 
severe head injury, particularly in adults have been carried out by various 
authors (e.g. Heiskanen & Sipponen 1970, Braakman et al. 1980, Levari et al. 
1982, Wilson et al. 1991). Much less is known about children. The majority 
of head injuries in childhood are closed injuries (from blunt traumas) rather 
than open or penetrating injuries. In this article we present a review of the 
literature on the impact of CHI in childhood. 
3.2 Faediatric Closed Head Injury 
Recent studies on the overall recovery from CHI have focused on improving 
the prediction of outcome and on the influence of age. Closed head injury 
here is considered in the conventional sense of nonpenetrating head injury, 
in which patients can have extensive skull injuries from blunt trauma. The 
age of the individual at the time of the injury appears to have an important 
bearing on the eventual functional outcome. Numerous investigations have 
compared cognitive outcome in head-injured children with that of adults. 
Most of them concluded that the lower the age of the victim, the better 
the recovery of function (Carlsson et al. 1968, Braakman et al. 1980, Black et 
al. 1981, Chadwick et al. 1981c, Eiben et al. 1984, Baracchini-Muratoria et al. 
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1985, Binder 1986, Ewing-Cobbs et al. 1989, Johnson 1992, Levin 1992). Some 
authors reported that outcome tends to be better for patients aged under 
ten years (Carlsson et al. 1968, Comninos 1979, Levin & Eisenberg 1979a, 
Zuccarello et al. 1985), while others documented that infants show higher 
mortality rates than older children (Jennett et al. 1979, Mahoney et al. 1983, 
Raimondi «Sc Hirschauer 1984). Luerssen et al. (1988) and later also Levin 
& Eisenberg (1991) reported that the mortality rate for severe head injury 
declines with increasing age in childhood. Note however that several other 
studies report that the age at the time of the injury was not related to either 
the rate of recovery or the severity of cognitive sequelae (Klonoff et al. 1977, 
Levin & Eisenberg 1979b, Chadwick et al. 1981b, Berger et al. 1985, Kriel et 
al. 1988). 
The plasticity of the developing brain often allows a dramatic recovery of 
function {e.g. Wilson 1970, Uzzell et al. 1979, Chadwick et al. 1981c, Eiben et al. 
1984, Johnson 1992). The effects of a diffuse insult produced by CHI however 
may ultimately result in greater cognitive impairment in the developing 
brain than in the mature brain, according to other studies (Kleinpeter 1975, 
Levin et al. 1982a, 1983). There are many problems that complicate a detailed 
comparison of children with adults. Besides age and age-related brain 
plasticity, a number of other factors such as past experience and acquired 
behavioural repertoires will clearly differ between children and adults and 
also the nature of the brain pathology may be different, affecting cognitive 
outcome (Carlsson et al. 1968, Miller 1979, 1984, Binder 1986, Wilson et al. 
1991). 
Although children may quickly recover after CHI, many of them nev-
ertheless exhibit persisting problems of a psychosocial nature after some 
time, even in the absence of clear neurological abnormalities (Fuld & Fisher 
1977, Farmer et al 1987, Fletcher et al. 1987, Rimel et al. 1981, Ruijs et al. 
1990: Chapter 2, Murray et al. 1992). The effects of diffuse brain damage 
which are difficult to recognize during the clinical phase and therefore es-
cape early diagnosis, will become manifest only at a later stage as residual 
symptoms resulting from neuropsychological disorders. These problems 
do not always receive sufficient systematic attention and as a result the 
young victims run a substantial risk of ending up in an aftercare vacuum. 
Early awareness of the occurrence of these post-traumatic problems enables 
the doctor in charge to recommend adequate aftercare and treatment to the 
patient and/or his parents, thus preventing pathological development. 
In this article we review a selection of prospective studies of outcome in 
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paediatric CHI, with special attention to prognostic indicators. Our selection 
is based on the following criteria: 
I: Only studies published in the last 20 years were included, because of 
the rapid changes in the methods and quality of medical care. 
Π: The studies are directed at long-term outcome. 
We chose to limit ourselves to prospective follow-up studies (as a spe­
cific form of long-term outcome studies), to obtain the best insight into the 
course of recovery after paediatric CHI and into the predictive values of 
neurological trauma parameters. Follow-up studies which included pa­
tients with local lacerations of the brain, e.g. depressed fractures of the skull 
or otherwise penetrating wounds have been excluded. 
In the first section of this article the various criteria for classification of 
severity of traumatic brain damage are defined. In the second part the most 
prominent early and long-term sequelae of paediatric CHI are reviewed. 
In the final section the prognostic value of some of the acute neurological 
trauma parameters is discussed. 
3.3 Assessment of Severity in Paediatric CHI 
Classification of head injuries is a major problem in clinical treatment and 
research. Of course, any outcome study must adopt some measure of overall 
severity of injury. To define the severity of head injuries one often resorts 
to neurological trauma parameters such as the period of post-traumatic 
amnesia (PTA), the period of unconsciousness (coma) or the Glasgow Coma 
Scale (GCS) score at admission time. Moreover, if an outcome study draws 
on a neurosurgical population, additional aspects of severity of the injury 
such as the presence and nature of neurosurgical interventions, in particular 
the procedures to remove a subdural haematoma (Brooks 1989), must also 
be taken into account. In general some global 2- or 3-fold classification 
scheme of the type "mild", "moderate", "severe" is defined, which is based 
on one or more of the neurological trauma parameters mentioned above. 
3.3.1 Post-Traumatic Amnesia 
The notion of post-traumatic amnesia (PTA) was introduced by Russell 
(1932). Although the precise definition of PTA has changed since then 
(Schacter & Crovitz 1977), the duration of the PTA period has since then been 
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used to classify the severity of head injuries. The PTA period (including 
a possible period of unconsciousness) proved to be useful in adults as a 
prognostic guide (Russell & Smith 1961). In children the duration of PTA 
has been found to be more predictive for memory function at follow-up 
examinations than the GCS (Ewing-Cobbs et al. 1990, Levin 1992). 
Usually PTA is defined as a period of mental confusion immediately 
following head trauma during which disorientation as to place, time and 
person is present, and in addition the inability to retain (new) experiences. 
The PTA period is considered to have ended as soon as continuous memory, 
i.e. memory related to the sequence of day-to-day events, has returned, with 
intact consciousness and good orientation with regard to time, place and 
person. Recovery of cognitive functioning and everyday behaviour has 
then occurred, though not necessarily to the premorbid level. 
Russell in 1961 and later on in 1971 (Russell et al. 1961, Russell 1971) sug-
gested the following general classification of the severity of concussions: 
mild if PTA lasted less than one hour, moderate if PTA lasted 1 to 24 hours 
and severe if PTA duration was over one day. As a further refinement very 
mild (PTA of five minutes or less), very severe (PTA over seven days) and 
even extremely severe (PTA longer than four weeks) can be distinguished. 
Complications such as skull fractures would necessitate an additional di-
agnosis. Gronwall & Wrightson (1974) defined minor CHI as head injury 
with a PTA period shorter than 24 hours. In a series of papers by Rutter 
and co-workers (Rutter et al. 1980, Chadwick et al. 1981a, 1981b, Brown 
et al. 1981) the label "mild head injury" was reserved for children with a 
PTA period exceeding one hour but less than one week. The label severe 
was used if PTA lasted longer than one week. Clearly there is not much 
agreement among the various studies as far as the severity classification 
is concerned. Several authors also emphasized the difficulty of assessing 
the duration of PTA in an accurate way, especially for untrained observers 
(Russell 1971, Gronwall & Wrightson 1974, Schacter & Crovitz 1977), and in 
young children (Kriel et al. 1988, Ruijs et al. 1992: Chapter 4). 
3.3.2 Glasgow Coma Scale 
In clinical practice coma is much easier to assess than PTA. Therefore many 
authors chose to classify the severity of head injuries on the basis of the 
duration of unconsciousness (coma) rather than of PTA. Brink et al. (1970) 
for instance, considered brain injury in children severe, if coma duration 
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exceeded one week. However, a precise definition of coma was still lacking 
in this study. Heiskanen & Sipponen (1970) labelled brain injury in patients 
of all ages as severe if unconsciousness lasted for more than 24 hours. In 
their study the patient is considered conscious when he is able to answer a 
question or to obey simple commands (if tracheostomy prevents talking). 
A more recent technique to assess depth of impaired consciousness and 
the duration of coma is the Glasgow Coma Scale (GCS), which was intro-
duced by Teasdale & Jennett (1974). This practical clinical scale, also known 
literally as the Eye-opening, Motor-response, Verbal-response (EMV) score, 
evaluates impaired consciousness. For children younger than five years of 
age, the Adelaide Paediatric Coma Scale, a paediatric version of the GCS 
was developed (Simpson & Reilly 1982, Reilly et al. 1988). The two scales are 
summarized in Table 3.1. On both scales coma is defined as a period of un-
consciousness during which a patient does not open his eyes, does not say 
a word and does not react to requests despite strong pain stimuli. Initially 
this corresponded to an EMV score of 1-4-2 or lower. Later on the distinc-
tion between flexion withdrawal and flexion abnormality from decorticate 
rigidity was recognized and incorporated in the GCS (see Table 3.1). Thus 
the EMV score for coma became 1-5-2 or lower. 
Ever since its introduction, the GCS has been used in two distinct ways to 
classify the severity of head injuries: One method simply uses the algebraic 
sum of the individual EMV ratings as assessed at admission time. The other 
one uses the GCS to monitor in a well defined way the patient's comatose 
state in order to determine the length of the coma period. In some cases 
admixtures of various methods are used. 
Using the EMV sum score some studies define head injuries as severe 
when there is an initial GCS sum score of 7 or less (<8) indicating that the 
patients are in coma at the time of admission (Bawden et al. 1985, Murray 
et al. 1992). In most studies however, the severely injured patients had a 
GCS sum score of 8 or less (<9), also indicating that they were in coma 
(Braakman et al. 1980, Levin et al. 1982a, Filley et al. 1987, Ewing-Cobbs et 
al. 1989, Asamow et al. 1991, Capruso & Levin 1992, Chapman et al. 1992). 
Mostly the diagnosis "mild head injury" is restricted to patients with a GCS 
sum score of 13 to 15 (Rimel et al. 1981, Levin et al. 1988, Knights et al. 
1991, Capruso & Levin 1992). In addition to a GCS sum score of 13 to 15 
on admission, Rimel et al. (1981) required a cranial trauma producing an 
initial loss of consciousness limited to 20 minutes or less and hospitalisation 
within less than 48 hours for the diagnosis of mild head injury. Other authors 
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Table 3.1: Comparison of Glasgow Coma Scale and Adelaide Paediatric Coma 
Scale. 
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defined mild head injury when GCS sum score is >7 (Bawden et al. 1985) or 
>8 (Chapman et al. 1992, Jordan et al. 1992, Murray et al. 1992). Levin et al. 
(1988) defined mild CHI as a head injury producing loss of consciousness 
for less than 20 minutes without an intracranial mass lesion, brain sweUing, 
or depressed skull fracture and an admission GCS sum score in the 13 to 15 
range. They defined moderate CHI as an injury producing a GCS sum score 
in the 9 to 12 range on admission or a GCS sum score of 13 to 15 complicated 
with an intracranial mass lesion, brain swelling, or depressed skull fracture 
(severe CHI i.e. GCS sum score 8 or less). However, Capruso & Levin (1992) 
as well as Jaffe et al. (1992), in their studies of cognitive impairment and 
neurobehavioural outcome following CHI in children and young adults, 
employed only the EMV sum classification (mild: GCS sum score 13-15, 
moderate: GCS sum score 9-12 and severe: GCS sum score 3-8). 
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Table 3.2: Methodological characteristics in paediatric Closed Head Injuries stud-
ies: classifications of severity (m=minutes, h=hours, d=days, w=weeL·). 
Study 
Gronwall & Wrightson 
Levin & Eisenberg 
Rutter et al. 
Braakman et al. 
Brown et al. 
Chadwick et al. 
Rimel et al. 
Levin et al. 
Eiben et al. 
Bawden et al. 
Farmer et al. 
Filley et al. 
Kriel et al. 
Levin et al. 
Dickerson-Mayes et al. 
Ewing-Cobbs et al. 
Asarnow et al. 
Capruso & Levin 
Chapman et al. 
Jordan et al. 
Murray et al. 
Peleo et al. 
Jaffe et al. 

























































































*linear fracture without loss of consciousness. "20 minutes unconsciousness or 
exhibited neurological signs of brain trauma such as skull fracture with associated 
brain contusion or haemorrhage as verified by a CT scan, hard neurological signs, a 
focal EEG abnormality, or a sustained diffuse EEG abnormality. 
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Using the length of the coma period (relying on the GCS to assess coma), 
Levin et al. (1979a) graded CHI in three classes: mild: awake on admission 
or with only momentary loss of consciousness and without neurological 
deficits; moderate: coma duration less than 24 hours and /or neurological 
deficits reflecting cerebral injury (e.g. hemiparesis); severe: coma duration 
more than 24 hours. In a study by Asarnow (1991) children were designated 
as having a mild CHI if they had not been comatose after the injury and a 
severe CHI if they were comatose for at least nine days. The length of coma 
was operationally defined as the time during which the child was not able 
to follow simple commands. 
In Table 3.2 we present a concise summary of methodological character-
istics of studies of paediatric CHI published after 1973. Special attention is 
given to the definitions used by the various authors to grade the severity 
of brain damage. This table shows clearly that there is no consensus at all 
on these criteria. As an example of this gross lack of uniformity among 
various studies, it is illustrative to compare the study of Dickerson-Mayes et 
al. (1989) with that of Peleo et al. (1992). Both studies distinguish two classes 
of severity which are called "mild" and "severe". The boundary between 
the two classes in these studies is remarkably different: five days of coma 
in one case versus only one hour in the other (no specification of how coma 
was assessed is given in either study). 
3.4 Early and Long-Term Consequences of Paediatric CHI 
In paediatric CHI, many studies have limited themselves to minor head 
injuries only, while other studies are more general and cover the entire 
range from mild to severe injuries. Because of their different characteristics, 
both types of studies are treated separately. 
3.4.1 Minor Paediatric CHI 
Quite a few prospective studies address the neurobehavioural and cognitive 
sequelae of minor CHI in infants, children and young adolescents. 
Most of the scientific controversy about minor head injury surrounds the 
post-concussive syndrome (PCS), a term reserved for patients who have 
persisting subjective symptomatology resulting from cerebral concussion. 
The common symptoms include headache, dizzinesss, irritability, anxiety, 
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easy fatigability, and concentration and memory difficulty (Binder 1986). 
Gronwall & Wrightson (1974) examined 47 children and young adolescents 
aged 10-16 years with minor CHI. They found that patients who suffered 
minor concussion (PTA < 24 hours) are for some time unable to process 
information at a normal rate. The time taken to recover from an uncompli-
cated concussion is reported to be usually less than 35 days. The principal 
test used was the Paced Auditory Serial Addition Test. Patients with PCS 
showed a reduction of information-processing rate which did not tally with 
the time elapsed since the injury, and which usually persisted beyond a 
period of 35 days. It is suggested therefor that reduction of information-
processing rate is an important factor in the genesis of the PCS. 
Farmer et al. (1987) described that all complaints heard of in children 
with minor CHI at discharge from hospital, such as headache, irritability, 
clinging behaviour and sleep disturbances, were transient, decreasing in 
two months to an overall frequency of less than 2%. On the other hand they 
found that behavioural problems are relatively common in the school-aged 
child after minor CHI. 
Lanser et al. (Lanser 1985, Lanser et al. 1988, Bruyn & Lanser 1990) found 
in a study of CHI in children up to and including the age of 14 years, 
that significant correlations exist of headache with both female sex and 
electroencephalographic (EEG) abnormalities only in the first weeks after 
the accident. Subsequently, no clear relationship between headache and 
any of the injury variables considered (including coma duration, neurolog-
ical symptoms, cranial fractures or cerebrospinal fluid abnormalities) was 
found. Moreover, the percentage of children with headache complaints in 
the CHI group was not significantly different from that in children who 
never sustained CHI. From this study it was concluded that no specific etio-
logical significance should be attributed to a history of CHI in children with 
headache. Although in the first half year post-injury cognitive deterioration 
and behavioural problems were seen quite frequently, only small numbers 
of long-term and persistent cognitive deficits or behavioural problems were 
reported: 4.4% and 1 to 2% respectively. 
Rimel et al. (1981) described young patients with minor CHI. Contrary 
to the studies mentioned above the most important finding from this study 
was the large number of problems reported three months after the injury. A 
majority of the patients had headaches (79%) and most patients scored lower 
than their expected norms on the neuropsychological battery. The principal 
problems were cognitive deficits in the realms of attention, concentration, 
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memory and judgement. 
Jordan et al. (1992) assessed language functioning in mild paediatric CHI. 
They failed to find a significant difference between children who had sus-
tained a mild CHI in the ten years post-injury group when compared with 
matched controls on measures of linguistic ability. The overall language 
performance of the experimental group did not differ significantly from the 
controls. 
It should be noted that in all five studies mentioned above, the severity 
of minor (or mild) CHI is defined in a different way (see Table 3.2). 
3.4.2 General Paediatric CHI 
The studies discussed hereafter do not limit themselves to mild CHI and 
mostly subdivide their study population into two or three severity classes 
(mild, moderate and severe). The severity classification for each study 
separately is specified in Table 3.2. 
Levin & Eisenberg (1979a, 1979b) described early (injury-test interval 
shorter than four weeks) and long-term (injury-test interval from 1 to 
1.5 year) neurospychological outcome of CHI in children and adolescents. In 
that study the severity of CHI is assessed primarily by the duration of coma 
by means of the GCS. Neuropsychological evaluation included the faculties 
of language, visuospatial and visuomotor abilities, memory, somatosensory 
perception and motor speed. It was found that, although the presence of 
early neuropsychological sequelae and long-term intellectual deficits was 
generally related to the severity of injury, residual impairment was also 
seen in patients with relatively mild injuries (coma less than 24 hours and 
even with only momentary loss of consciousness). Analysis of memory and 
learning demonstrated disruption of both storage and retrieval processes. 
Functions like language, visuo-spatial ability, and motor proficiency were 
impaired in more than one third of the patients studied. A memory deficit 
was the most prominent neuropsychological finding. Nearly one half of 
the total series exhibited verbal learning and memory deficits and /or im-
paired continuous recognition memory. Persisting (long-term) intellectual 
deficits were essentially confined to patients with severe CHI (who had been 
in coma for at least 24 hours). Although the intellectual level at least six 
months after the injury was within normal limits in all but the most severe 
cases, comparison with estimates of premorbid levels suggested that only 
partial intellectual recovery was generally achieved. 
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Levin et al. (1982a) found out that young severely (GCS < 9) injured 
children are more vulnerable to the deleterious effects of diffuse injury 
on memory and cognition than adolescents. They also report that single 
word reading and spelling skills tend to remain unchanged by head injury, 
whereas mathematics performance was found to be relatively impaired. 
Perhaps an explanation for this is that mathematics demands higher levels 
of sustained attention and concentration while reading and spelling skills 
are relatively automatized. 
Levin et al. (1988) again evaluated recovery of memory over one year 
after CHI in 58 children and adolescents. Verbal recall and visual recog-
nition memory were tested. It was found that in children the severity of 
CHI is directly related to the impairment of visual recognition memory. 
Despite overall improvement over one year, injured children of all ages still 
showed residual disturbance of visual recognition memory. Significant ver-
bal memory impairment was only seen in the older children (13 to 15 year 
adolescents). Further analysis of the verbal memory deficits confirmed that 
impairment at baseline as well as at one year was present in severely injured 
patients, whereas patients who sustained mild to moderate CHI recovered 
to a level that approached the values of a control group. 
Ewing-Cobbs et al. (1989) examined 21 children ranging in age from four 
months to five years at the time of injury. The investigators assessed cog-
nition, expressive and receptive language, and motor function using tests 
designed for infants (e.g. Bayley Scale of Infant Development) and preschool-
ers (McCarthy Scale). In severely injured CHI patients they found a steeper 
recovery trend of cognitive function over an eight months follow-up inter-
val than for mild/moderate CHIs. In contrast to this recovery of cognitive 
function, motor skills were still impaired at follow-up in the severely in-
jured children. In comparison with young children who sustained mild to 
moderate CHI, severely injured patients exhibited a persistent impairment 
of expressive language. Receptive language skills had improved to a similar 
level in both groups by the time of follow-up. 
These findings are consistent with the pattern of recovery in severe CHI 
found in a study of older children by Bawden et al. (1985). These authors 
documented that diminished performance on speeded motor response and 
perceptual tasks is one of the most prominent sequelae. Relative to the 
mild and moderate paediatric CHI, children who had suffered severe head 
injuries exhibited an impairment on the Performance IQ (PIQ) scale, but not 
on the Verbal IQ (VIQ) scale. 
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In accordance with Bawden, Filley et al. (1987) and Jaffe et al. (1992) 
also found that when assessing the revised Wechsler Intelligence Scale for 
Children (WISC-R), PIQ was initially more affected than the VIQ in the most 
severely injured patients. Follow-up evaluation showed improvement with 
PIQ steadily approaching VIQ, but even when recovery was good, estimated 
premorbid levels were not attained. Filley et al. observed no statistically 
compelling relationship between the duration of coma and outcome. No 
patient with coma persisting for more than one month had a good outcome 
and even in patients with coma lasting less than one week sometimes severe 
social, school and vocational impairment resulted. 
This finding, viz. that in severely head-injured patients WISC-R perfor-
mance deficits are more prominent than verbal deficits, is also in agreement 
with the results of an earlier study by Chadwick et al. (1981a, 1981b). This 
study investigated cognitive outcome in a prospective study of children, 
aged 5 to 14 years, who suffered CHI. An extensive battery of neuropsy-
chological tests was employed to identify specific deficits not shown on 
the WISC-R. Chadwick et al. reported that one year after their injuries the 
performance of head-injured children was impaired in varying degrees on 
several tasks which measure visuomotor and visuospatial skills and which 
require quick responses from the patients. In fact, they found that these 
tests of speeded motor or visuospatial functioning picked up subtle cogni-
tive deficits which were not apparent on the WISC-R. Although measures 
of intelligence are sensitive to the effects of diffuse brain damage, it is clear 
that they may not pick up the specific residual impairments exhibited by 
head-injured patients. No cognitive sequelae, transient or persistent, could 
be detected when the PTA period was less than 24 hours. This mild CHI 
group was found to have an average level of cognitive functioning which 
lay below that of the control group, but the lack of any recovery during the 
follow-up period indicated that this low intellectual level was not a conse-
quence of the injury. In the severe CHI group (PTA > 2 weeks) the presence 
of cognitive recovery and the "dose-response" relationship with the degree 
of brain injury showed that the intellectual deficits were caused by brain 
damage. The results were less consistent in the one day to two weeks PTA 
range, but the evidence suggested that a broadly defined threshold for im-
pairment operated at about this level of severity of injury. The findings on 
measures of scholastic performance suggested that persistent impairment 
occurred only after very severe head injury, in children whose PTA exceeded 
three weeks. 
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In a 2Ì-year follow-up study by Rutter et al. (1980) and Brown et al. (1981) 
in children with CHI the severe head injury group showed notably more 
frequent and more persistent physical handicaps, neurological abnormal-
ities, epileptic fits, special school placement and psychiatric referrals than 
children with mild or moderate CHI. In children with head injuries result-
ing in less than one week's PTA no evidence of psychiatric disability was 
observed. 
Notable in all these studies (Rutter et al. 1980, Chadwick et al. 1981a, 
1981b, Brown et al. 1981) is the evidence that the rate of recovery is most 
rapid in the months immediately after the injury. The recovery phase con-
tinues throughout the first year after the accident, with some improvement 
continuing in the second year in some children, especially in those with the 
most severe injuries. 
Consistent with the results of Rutter et al. (1980) and Brown et al. (1981), 
which highlight the psychosocial and neurobehavioural morbidity associ-
ated with severe CHI in children, Asarnow et al. (1991) found an excessive 
rate of behavioural problems as well as significant impairments in multiple 
aspects of adaptive functioning when following up at least one year post-
injury. In this study, however, children with mild CHI also had an excessive 
rate of behavioural problems (comparable to that of children with severe 
head injuries) but did not have impaired adaptive functioning. 
Capruso & Levin (1992) found that cognitive and behavioural impair-
ments are usually the most disabling sequelae of severe CHI one year after 
the injury. Memory and attention, information processing speed and effi-
ciency are typically the cognitive domains most severely affected by severe 
head injuries. Intellectual, language, and perceptual skills tend to be rela-
tively preserved. Following mild CHI, impairments of memory and infor-
mation processing may be apparent within the first week of recovery. These 
deficits usually resolve in one to three months, although chronic complaints 
persist in a minority of cases. They found that the long-term cognitive 
effects of CHI are typically more severe for younger children than older 
children. 
Murray et al. (1992) also found lack of evidence of selective impairment 
of information processing in the mild CHI group, tested at least one year 
after injury. Attentional deficits were only seen after severe head injury and 
characterized primarily by a reduction in information processing and in the 
speed of processing. 
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In contrast Chapman et al. (1992) indicated that language disturbances, 
especially the narrative discourse on a story retell, were remarkably im-
paired in children at least one year after sustaining a severe CHI. In this 
study the severity of impaired consciousness was strongly associated with 
a significant reduction in the amount of language and information. The 
most important finding which emerged was the disruption in information 
structure. It would seem that, in contrast to the traditional view that chil-
dren recover rapidly and completely from a traumatic brain injury, children 
are at risk of acquiring subtle language disturbances subsequent to CHI. As 
the few available studies show, the presence of persistent linguistic deficits 
in children suffering CHI (including mild and moderate CHI) is not un-
common (Levin & Eisenberg 1979a, 1979b, Chadwick et al. 1981a, 1981b, 
Ewing-Cobbs et al. 1989, Chapman et al. 1992). 
Dickerson-Mayes et al. (1989) were the first to describe relationships 
among pre- and post-injury intelligence, length of coma period and age 
in young individuals with severe CHI. This study suggests that the higher 
the pre-injury IQ (premorbid standardized ability test scores obtained from 
educational records), the greater the IQ point loss. There was no significant 
correlation found between outcome and pre-injury IQ, even if controlling 
for both duration of coma and age. 
Generalisation of results on neuropsychological outcome of the studies 
described here is not really possible because the use of different neuropsy-
chological batteries. Moreover the description of outcome is often only 
given in global terms. 
3.5 Prognostic Value of Neurological Trauma Parameters 
Several studies have shown that the frequency and/or severity of cogni-
tive and behavioural deficits are related to the severity of the head injury 
defined in terms of the duration of PTA (Rutter et al. 1980, Chadwick et al. 
1981a, 1981b, Brown et al. 1981), the duration of coma (Levin & Eisenberg 
1979a, 1979b, Braakman et al. 1980, Levin et al. 1982a, Kriel et al. 1988), the 
depth of coma (Jennett 1976a, Jennett et al. 1979, Levin & Eisenberg 1979b, 
Braakman et al. 1980, Capruso & Levin 1992) or some other index of severity 
of the injury (Eiben et al. 1984, Filley et al. 1987). Levin & Eisenberg (1979a, 
1979b) studied neuropsychological impairment in relation to the GCS rat-
ings at admission time. It was found that visuospatial and memory deficits 
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were more likely to occur in those patients with low verbal scores. Also a 
relationship between the motor score on admission and severe motor dis-
turbance was present. Furthermore a strong correlation was seen between 
performance IQ and coma duration while a negligible correlation was found 
with premorbid background. There was no statistical association for CT 
abnormalities and neuropsychological deficits. Kriel et al. (1988) found out-
come correlated with the duration of unconsciousness but not with age, 
dysautonomic symptoms or seizures. In contradiction with Levin & Eisen-
berg, in this study the total CT atrophy score was found helpful in making 
predictions. Levin et al. (1982a) suggested that the duration of impaired 
consciousness, rather than the initial GCS sum score, had the strongest re-
lationship with cognitive outcome. Chapman et al. (1992) demonstrated 
that depth of impaired consciousness was strongly associated with a sig-
nificant reduction in the amount of language and information. Braakman 
et al. (1980) showed that depth and duration of coma as assessed by the 
GCS sum score and the change in coma pattern with time are very pow-
erful prognostic indicators in patients with severe CHI. Optimal powerful 
combinations of prognostic features are obtained when the GCS sum score 
is combined with age in decades, pupil reactivity to light, and spontaneous 
and reflex eye movements. In agreement with the data mentioned above, 
Capruso & Levin (1992) ascribed predictive value for cognitive impairment 
at one to two years post-injury, to neurological variables such as pupillary 
reactivity and worst GCS sum score. Eiben et al. (1984) described an associ-
ation between length of coma and eventual functional outcome. Increasing 
age and the presence of a chronic seizure disorder also seem to be predic-
tors of poor long-term functional outcome. Filley et al. (1987), however, 
observed no statistically compelling relationship between duration of coma 
and outcome. Chadwick et al. (1981a, 1981b) found that the severity of the 
injury, as measured by the duration of PTA, has an important influence, not 
just on the degree and persistence of cognitive impairment and intellectual 
outcome but also on the speed and extent of recovery. No effect on the 
course of recovery was found for age, sex or social class. This absence of a 
relationship between attribute variables of age, sex and premorbid factors 
with general outcome is consistent with a number of other publications 
(Levin & Eisenberg 1979a, 1979b, Annegers 1983, Kriel et al. 1988, Klonoff et 
al. 1993), but not with all (Braakman et al. 1980, Brown et al. 1981, Levin et 
al. 1983, Eiben et al. 1984). For instance Brown et al. (1981) reported that the 
development of psychiatric disorders in children with severe head injuries 
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appeared strongly influenced by the children's pre-accident behaviour, their 
intellectual level and their psychosocial circumstances. Ewing-Cobbs et al. 
(1990) reported that in children with head injuries the duration of PTA is 
more predictive for memory functioning at follow-up examinations than is 
the GCS sum score. 
3.6 Discussion 
A comparative review of the literature across studies on recovery from CHI 
in children is found to be difficult because of two major methodological 
shortcomings: 
(1) The severity of injury has not been well and consistently characterized 
neurologically, especially so in neuropsychological investigations (e.g. 
Gronwall & Wrightson 1974, Chadwick et al. 1981a, Rutter et al. 1980, 
Brown et al. 1981, Chadwick et al. 1981b, Fletcher et al. 1987, Dickerson-
Mayes et al. 1989, Asarnow et al. 1991, Murray et al. 1992, Peleo et al. 
1992). 
(2) Outcome has often been described only in global terms of social- and 
neurobehavioural adjustment especially in neurological or neurosurgi-
cal reports (e.g. Braakman et al. 1980, Eiben et al. 1984, Filley et al. 1987, 
Klonoff et al. 1993). However a consensus on a specific battery of tests 
to evaluate neurobehavioural defects is lacking in neuropsychological 
investigations. 
Ad (1): It is clear that subject inclusion criteria and definitions of severity 
of brain damage in paediatric CHI vary considerable in the literature and 
varied on such variables as length of PTA, length of coma, incidence of skull 
fractures, and GCS scores (see Table 3.2). Thus generalization of findings 
across various investigations is complicated by the lack of uniform criteria 
for grading the neurological severity of injury. The studies also differed 
with respect to their definitions of coma. In most of the literature it is now 
conventionally accepted that the GCS is a prime candidate for assessment 
of depth and duration of coma. Wherever possible, researchers attempting 
to relate severity of injury to outcome would be well advised to use the GCS 
as a primary measure of diffuse damage. A problem could be that GCS 
data are not available if patients are first seen some time after the injury. 
The researcher is then faced with the problem of either reconstructing coma 
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duration from clinical case sheets, or attempting to assess the duration of 
PTA by clinical questioning. 
Ad (2): Methodological problems have also arisen from the wide range 
of neuropsychological assessment techniques used in evaluating neurobe-
havioural outcome in different studies. Some studies (Braakman et al. 1980, 
Filley et al. 1987) give only a general view of recovery and outcome us-
ing the Glasgow Outcome Score (GOS) of Jennett & Bond (1975). This 
outcome score is a global numerical reflection of the severity of sequelae, 
originally on a 5-point scale (1: deceased, 2: vegetative state, 3: severe dis-
ability, 4: moderate disability, 5: recovery). Later on the ratings 3-5 of the 
GOS were further refined resulting in the modern 8-point scale. One study 
(Eiben et al. 1984) uses a scale developed by Williamson et al. (1968) using 
the degree of limitation (1: asymptomatic, 2: symptomatic but independent, 
3: symptomatic and requiring assistance in a functional area, 4: totally de-
pendent, 5: deceased). Other authors (Brown et al. 1981, Farmer et al. 1987, 
Asarnow et al. 1991, Peleo et al. 1992, Klonoff et al. 1970) use a standard inter-
view or questionnaire for patients, their families and their school teachers 
to measure physical complaints, subjective cognitive sequelae and psychi-
atric disorders after paediatric CHI. In some studies the Child Behavior 
Checklist (Achenbach & Edelbrock 1983), the Vineland Adaptive Behavior 
Scales (Sparrow et al. 1984) and the Teacher Report Form (Achenbach & 
Edelbrock 1986) are used. It is clear that to compare studies of neurobe-
havioural outcome and recovery in paediatric CHI, a consensus on specific 
neuropsychological batteries is necessary. 
3.7 Conclusion 
Follow-up studies of early and long-term outcome in paediatric CHI have 
identified a wide range of neurobehavioural, cognitive and psychosocial 
disturbances in severe as well as in mild and moderately severe paediatric 
CHI. Post-traumatic difficulties have been observed on psychometric mea-
sures of perceptual-performance intelligence, speeded motor performance, 
visuospatial attention, information processing, verbal memory, recall and 
visual recognition memory, expressive and written language and arithmetic. 
In addition motor- and somatosensory abilities, physical, neurological and 
psychiatric disturbances are often reported. In general it can be said that: 
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• Head injuries which initially appear to be mild occasionally give rise 
to severe complications, even in the absence of specific neurological 
signs. 
• Memory, in particular verbal learning and memory and/or continu-
ous recognition memory, is found to be the most prominently affected 
neuropsychological function. Moreover, diminished performance on 
speeded motor and perceptual tasks is often seen as a long-term se-
quela. Furthermore it is reported that children are at risk of acquiring 
subtle language disturbances subsequent to CHI. 
• No cognitive sequelae, transient or persistent, could be detected when 
the PTA period was shorter than 24 hours. Persistent and remarkable 
long-term intellectual deficits were essentially confined to patients with 
severe CHI (who were in coma for at least 24 hours or suffered from 
PTA for at least two weeks). Severely injured patients also exhibited 
a persistent impairment of motor skills and expressive language at 
follow-up. Nevertheless cognitive and long-term residual neurobe-
havioural deficits are often reported in mildly or moderately severely 
injured patients. In most cases only partial intellectual recovery to 
premorbid abilities is found. 
• Several studies which have assessed the revised Wechsler Intelligence 
Scale for Children (WISC-R) report that PIQ is initially more affected 
than the VIQ, in particular in the most severely injured patients. Sup-
plementary tests of speeded motor and visuospatial functioning of-
ten showed subtle cognitive deficits which were not apparent on the 
WISC-R. Thus, although measures of intelligence are often said to be 
sensitive to the effects of diffuse brain damage, they may not pick up 
the specific residual impairments exhibited by head-injured patients. 
• It appears that young children are more vulnerable to the deleterious 
effects of diffuse injury on memory and cognition than older children 
and adolescents. 
• There is evidence that the higher the pre-injury IQ, the greater the IQ 
point loss. 
• It is found that the rate of recovery is most rapid in the first months 
immediately following CHI. This recovery phase is seen to continue 
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throughout the first year following the accident, with some improve-
ment continuing in the second year, especially for the most severe brain 
injuries. 
• In follow-up studies a trend toward more rapid recovery of cognitive 
function was reported in severely injured CHI patients one year post-
injury. 
Studies of prognostic features in children with CHI have been carried out 
by many authors. The GCS assessment of severity, depth and duration of 
coma as well as the length of the PTA period have proven useful as prog-
nostic factors for functional recovery and long-term outcome after diffuse 
brain damage. It is generally acknowledged that accurately assessing the 
duration of PTA is difficult in young children, especially for untrained ob-
servers. The duration of unconsciousness, assessed by way of the GCS, is 
much easier to meassure and therefore is a clinically more useful indicator 
of severity and the preferred predictor of outcome in paediatric patients. 
In conclusion, several studies have documented persistent, marked cog-
nitive impairment concomitant with a decline in school achievement after 
paediatric CHI. Studies to date suggest that memory deficits, next to di-
minished performance on speeded motor and perceptual tasks and subtle 
language disturbances, are the most profoundly impaired functions after 
CHI in children. Although confident prediction of the level of neuropsy-
chological recovery and long-term outcome from CHI of varying severity in 
children awaits further study, the previous view that children are relatively 
impervious to cognitive impairment after CHI is clearly not supported by 
the available neuropsychological data. This review draws attention to the 
need for outcome research which integrates acute neurologic indices (e.g. 
GCS, duration of coma or PTA, neuroradiological and neurophysiological 
findings) and the results of serial administration of neuropsychological tests. 
Consequent serial testing of children (or at least testing after an extended 
period of time) is essential to the evaluation of long range implications of 
findings during earlier stages of recovery. 
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Abstract 
To assess the duration of post-traumatic amnesia (PTA) in children, a new 
procedure is described, derived from a method described previously for 
adults. The procedure was tested on 70 healthy children between 3.5 and 
10 years of age, then applied in a longitudinal prospective study of 54 chil-
dren with brain damage resulting from closed head injury. The procedure 
consistently measured PTA in children of various ages. The duration of 
PTA was found to be as good a prognostic indicator for the occurrence of 
long-term residual sequelae as is duration of coma. 
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4.1 Introduction 
In the literature, the duration of unconsciousness (coma) and the duration 
of post-traumatic amnesia (PTA) are often used as criteria for the severity of 
traumatic brain-damage (Brooks 1974, Jennett et al. 1976c, Hannay et al. 1979, 
Levin & Eisenberg 1979a, Rutter et al. 1980, Brown et al. 1981, Chadwick et 
al. 1981a, Young et al. 1981, Levati et al. 1982, Winogron et al. 1984). Both 
criteria have prognostic value with regard to long-term sequelae. 
Within the framework of a prospective study of long-term sequelae after 
traumatic brain-damage in children, which focused on the relatively mild 
and moderately severe cases, it was decided to record the duration of both 
coma and PTA as indicators of the severity of the trauma. It was important, 
therefore, to determine the reliability of both variables. 
Coma duration was determined by the Glasgow Coma Scale (GCS). Also 
called the EMV score (Eye-opening, Motor-response, Verbal-response), the 
GCS was introduced by Teasdale & Jennett (1974) (Table 4.1). It defines 
coma as a state of complete loss of consciousness, during which the patient 
does not open his eyes, does not respond to requests, and does not answer 
when spoken to, despite painful stimuli (EMV score of 1-5-2 or lower; Levin 
et al. 1983, Minderhoud & van Zomeren 1984). To determine the level 
of consciousness of children younger than five years of age, a paediatric 
version of the GCS is available, namely the Adelaide Paediatric Coma Scale 
(Simpson & Reilly 1982, Reilly et al. 1988) (Table 4.1). In both clinical practice 
and scientific research, the GCS is accepted world-wide as a method for 
defining consciousness disorders. 
There is no such well-defined and generally accepted method for deter-
mining the duration of PTA. Many different definitions have been given 
by various authors, so there is no generally accepted operational procedure 
for assessing the duration of PTA. Moreover, the relevant literature pays 
hardly any attention to the specific problems that arise when determining 
the duration of PTA in young children. Therefore we had to develop our 
own method. 
This article starts with a review of the relevant literature in the field 
of PTA, then describes our own PTA method, which is an adaptation of 
that of Arrióla i Fortuny et al. (1980). We then describe the application of 
our method in a study of 54 children with closed head injuries. It will be 
demonstrated that the duration of PTA thus obtained is a good indicator of 
the severity of traumatic brain-damage and the degree of eventual sequelae. 
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Table 4.1: Comparison of Glasgow Coma Scale and Adelaide Paediatric Coma 
Scale. 
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4.2 Literature 
PTA duration as an instrument for determining the severity of closed brain-
damage was introduced by Russell (1932). Since then, the duration of PTA 
has generally been considered to be a workable means of classifying the 
severity of brain damage, and at the same time a valuable prognostic factor 
(Brooks 1974, Jennett 1976a, Evans et al. 1977, Hannay et al. 1979). However, 
experimental and methodological doubts about the reliability of this instru-
ment have been expressed by other authors (Sisler & Penner 1975, Schacter 
& Crovitz 1977). Although PTA duration is often used in follow-up studies 
of cases of closed brain-damage, there is no general consensus on the defi-
nition of PTA. Various researchers do not use a uniform method, and many 
reports lack an explicit description of the method used, so it is practically 
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impossible to compare the various studies in this field. Researchers who 
do describe their method in some detail are Russell (1971), Brooks (1974), 
Schacter & Crovitz (1977), Levin et al. (1979c), Arrióla i Fortuny et al. (1980) 
and Minderhoud & van Zomeren (1984). 
In his original paper, Russell (1932) defined PTA as a phase of loss of 
full consciousness, accompanied by disorientation and inability to answer 
questions intelligently. To determine the extent and the end of this period, 
Russell depended upon the patient's feeling that "he had just woken up". 
The time between the trauma and the moment at which patients can give 
a clear account of what is happening around them is taken as the dura-
tion of PTA. Later, Russell (1971) defined PTA as the period - of variable 
length - following closed head injury characterized by failure of continuous 
memory. He modified the criterion by which the end of the PTA period 
is determined and defined it as the moment from which the patients are 
able to describe a continuous memory of what is happening around them. 
In practice, PTA is then established by retrospectively questioning patients 
about their recollections after the accident. Usually they are able to report 
the time or date from which they have continuous memory. Russell cau-
tions against two possible sources of errors: first, he warns that "islands of 
memory" - the first fragmented memories - could be taken to be the end 
of the amnesia; second, PTA diminishes over time, either spontaneously or 
aided by information from others. Furthermore, he points out that in cases 
of severe brain-damage the duration of PTA may be very long, and some-
times is difficult to define exactly, because of post-traumatic impairment of 
memory and concentration. Even if the patients register awareness of what 
is happening around them, it still remains to be seen whether they will be 
able to recall that later. 
Brooks (1974) defines the length of PTA as the time between the injury and 
the regaining of continuous day-to-day memory for at least 24 hours. Schac-
ter & Crovitz (1977) define PTA as a period, of variable length, following 
closed head trauma during which the patient is confused and disorientated, 
suffers from retrograde amnesia, and seems to lack the capacity to store and 
retrieve new information (anterograde amnesia). 
Minderhoud & van Zomeren (1984) define PTA as the period from the 
moment of the accident until continuous memory is regained. To determine 
the end of the PTA period, they reject any method based merely on retro-
spectively questioning the patient about the time when day-to-day events 
were remembered again. In their opinion, the period of PTA can only be 
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established reliably by evaluating the triad of orientation, memory and level 
of consciousness: the PTA period can be considered to have ended only if 
all three are intact. Unfortunately a concrete, operational description of a re-
search method is lacking, although Levin et al. (1979c) and Arrióla i Fortuny 
et al. (1980) do describe concrete procedures. 
Levin and colleagues developed the Galveston Orientation and Amnesia 
Test (GOAT) to assess cognitive disorders in the subacute or recovery phase 
after closed head injury with brain damage. This test checks the patient's 
orientation with regard to time, place and person by means of a question-
naire. Recollection of events before and after the injury are registered. The 
questionnaire has a maximum score of 100, and Levin and colleagues define 
PTA as the period in which the GOAT score does not exceed 75 points. 
For Artiola i Fortuny et al, PTA is the period in which memory and 
orientation are disturbed. The tests of memory and orientation, which take 
place daily for as long as PTA persists, consist of three parts: 
1. A questionnaire which asks about personal data and tests the patient's 
orientation with regard to time and place. 
2. Retrospective verification of a patient's recollection of the final events 
before and the first events after the accident. 
3. Specific memory tests (remembering, naming, recognizing common-
place objects, instructions, names and persons). 
If necessary, all this can be presented in multiple-choice form when the 
patient is not capable of responding orally. The results of parts 1 and 3 are 
the decisive factors. The procedure is repeated until the patient has not 
made any recognition errors on three consecutive days. The PTA period 
is considered to have ended on the first of these three consecutive days. 
Implicitly, it is assumed that the "islands of memory" never exceed two 
days and that consciousness (Minderhoud & van Zomeren's third factor) is 
apparently intact when the patient passes the tests. It should be noted that 
the method is not well-suited to assess PTA lasting for less than 24 hours. 
The memory tests used by Artiola i Fortuny et al. require very little memory 
capacity. They test for continuity, not for quality or quantity. Thus the tests 
distinguish between a disturbed continuous memory and other possible 
memory disorders as a result of brain damage. 
Most authors (Brooks 1974, Jennett 1976a, Minderhoud & van Zome-
ren 1984) count the duration of PTA from the moment of the injury, i.e. 
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including a possible coma period. Levin et al. exclude coma from the PTA 
period. Artiola i Fortuny et al. do not explicitly mention whether or not 
coma is included. 
With both methods, it is not obvious how one determines the duration 
of PTA in the case of young children. Both Artiola i Fortuny et al. and Levin 
et al. describe the application of their respective methods to patients over 
16 years of age. The two methods use questionnaires with questions far 
too difficult for children to understand. Moreover, children coming out of 
a phase of total loss of consciousness have lethargic and akinetic symptoms 
more often than do adults. This phenomenon is known as the "sleeping 
beauty syndrome" (Todorow 1975). 
Despite these methodological problems, PTA duration has been used in 
studies of brain damage in children. Rutter et al. (1980) divided children with 
brain damage into two groups according to their PTA duration (shorter or 
longer than seven days). More severe and more permanent loss of function 
occurred in the group with the longest PTA periods. All types of disabilities, 
such as physical handicap, neurological abnormality, school displacement 
and psychiatric referrals, were both more frequent and more persistent in 
the children with severe - at least seven days PTA - head injuries (Rutter et 
al. 1980, Brown et al. 1981, Chadwick et al. 1981a). Unfortunately the various 
authors do not explicitly describe their methods of assessing PTA. 
4.3 Method 
Our procedure for measuring the duration of PTA focuses on its use with 
both younger and older children. It has been derived from the method of 
Artiola i Fortuny et al, which is very well suited to adaptation for children 
because of its relatively simple tests, with obvious results (either true or 
false). This is unlike the method of Levin et al. (GOAT score); virtually any 
change in the questionnaire would require a complete revalidation of the 
GOAT score for PTA. 
We started by defining PTA as a period of mental confusion immediately 
following a head injury in which there is disorientation with regard to place, 
time and person, plus the inability to retain (new) experiences. PTA is 
measured from the moment of the injury, hence it includes a possible coma-
period. The PTA period is considered to have ended as soon as continuous 
memory, i.e. memory of the sequence of day-to-day events, has returned, 
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together with intact consciousness and good orientation with regard to time, 
place and person. Partial or complete recovery of cognitive functioning 
and everyday behaviour has then occurred, though not necessarily to pre-
morbid level. 
A daily memory and orientation test is central to the PTA method we 
have developed (as is the case with the method of Artiola i Fortuny). The 
PTA period is considered to have ended on the first of three consecutive 
days on which the test is completed without any errors. The memory and 
orientation test consists of the following parts: 
1. By asking simple questions which are adapted to the age of the patient, 
the interviewer determines whether patients have a grip on facts about 
themselves and their surroundings (orientation with regard to time, 
place and person): 
(a) with reference to personal data (What is your name? How old are 
you? When is your birthday? How many brothers and sisters do 
you have? Do you go to school? Which grade are you in?) 
(b) with reference to orientation (Do you know where you are right 
now? How long have you been here? What have you just done/ 
eaten? What did you do yesterday? Visitors/tests?) 
2. Retrospective questions are asked about the memories concerning the 
trauma. (What happened? How/when did it happen? What were you 
doing? What were you doing before? Were you unconscious? Did 
you sleep? When did you wake up? Where were you then? What 
happened then?) 
3. Finally, a more formal memory test is taken. Three different pictures 
with simple images (e.g. house, dog, ball) are shown. Have these 
named. Give the proper description yourself. Tell the child to remem-
ber them until next time. Tell the child your name and ask that it also 
be remembered. 
The answers to all questions are coded as true or false. The child passes a 
test if all responses are correct. The tests are performed at a fixed time of 
day, preferably by the same person. Each time an informal and introductory 
memory test is done first (Do you still know who I am? Do you know my 
name? Do you still remember when I came to see you before?). Then test 
parts 1 and 2 follow, as described above, followed by the formal memory test 
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(part 3). The interviewer shows the three pictures used earlier, alternating 
with other, new pictures. The child chooses which picture it has already 
been seen (over a period of two weeks, new pictures can be presented daily). 
Note that these amnesia tests do not determine the quality or the quantity 
of memory, but specifically its continuity. 
When testing very young patients (below age five), familiar objects (toys, 
pets) or persons (relatives, acquaintances or nursing staff) and well-known 
children's TV series and songs are used. This enables the interviewer to 
obtain a reliable score. In case of speech problems or exaggerated anxiety 
reactions, we use options which require only pointing, gesturing or yes/no 
answers. 
In the absence of coma, a PTA test is performed immediately after ad-
mission. If this shows no signs of amnesia, retrospective inquiries into the 
patients' memories of the injury are made to distinguish the following three 
cases: 
1. patients have no memory gap - no PTA at all; 
2. patients lack only memory about the accident itself - very short PTA 
(definitely less than 15 minutes); 
3. patients do not remember how and why they arrived in hospital - PTA 
< 60 minutes. 
It is important that this information is obtained immediately after admis-
sion, since amnesia tends to diminish, either spontaneously or aided by 
information from others. 
In cases of short-term coma (less than 24 hours), the first amnesia test 
is performed immediately following the period of coma; tests are repeated 
after 6, 12 and 24 hours, and daily thereafter. If coma has lasted for more 
than one day, PTA assessment, with a daily interval, is started immediately. 
4.4 Practical Application 
To determine the sensitivity of this PTA method to possible false-positive 
responses, it was first tested on 70 healthy children aged between 3.5 and 
10 years. The tests were done on three consecutive days, each time by the 
same person. There were no false-positive responses by any of the children 
at any point in the tests. 
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Figure 4.1: Age and sex distributions. 
We have applied our PTA method in a prospective study of long-term 
sequelae in children with brain damage after closed head injury. These 
patients, aged between 2 and 15 years, had been admitted to the St. Rad­
boud University Hospital in Nijmegen with the diagnosis "concussion of 
the brain". Over a two-year period, 83 children with closed head injury 
were admitted. From this group were excluded any patients with local 
brain-damage such as intracranial (epidural and subdural) haematomas, 
depressed fractures of the skull or other penetrating wounds, as well as 
patients who had undergone a neurosurgical intervention (with exception 
of the insertion of an intracranial pressure transducer). Also excluded were 
patients who before the accident had been treated for any neurological or 
neuropsychological disturbances, and patients who had had previous head 
trauma. After these exclusions, a group of 58 children remained. The age 
and sex distributions at the time of admission are shown in Figure 4.1 and 
Table 4.2. All 54 patients surviving the acute phase have been followed for 
two full years after discharge from hospital. 
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Table 4.2: Age and sex distribution. 
N Mean S.D. Median 
Maü 34 ТЬ ЗІ> 73 
Female 20 9.7 3.5 10.0 
Total 54 8.4 3.7 9.0 


















> 3 months 
During the clinical phase, a number of neurological features (trauma pa­
rameters) were recorded. Most important for the present analysis are the 
duration of coma and of PTA. The coma period was determined by means 
of the Glasgow Coma Scale (or, where appropriate, the Adelaide Paediatric 
Coma Scale). The duration of PTA was measured by the procedure de­
scribed above. Application of the original procedure of Arrióla i Fortuny et 
al. was not possible because over 80 per cent of the patients in this study 
were 12 years of age or younger. 
The duration of coma and of PTA were each classified into eight categories 
(Table 4.3). For PTA, these categories correspond to those introduced by 
Russell when classifying brain damage on the basis of PTA, but with some 
refinements of very short and very long times (Russell 1971). A cross-
tabulation of PTA and coma duration obtained in this study is shown in 
Table 4.4. 
Before discharge and at 3, 12 and 24 months thereafter, each patient 
underwent neurological examination and neuropsychological tests. On the 
basis of these findings, an outcome score was determined according to the 
method of Jennett & Bond (1975). This outcome score is a global numerical 
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reflection of the severity of sequelae on a scale of 1 to 8 (1 = died, 8 = no 
sequelae). 
To explore the prognostic qualities of PTA and coma duration, we anal­
ysed the correlation of these two variables with the outcome score at each 
of the four examinations (Table 4.5a). There were strong correlations be­
tween the outcome score and duration of both PTA and coma. Although 
the numerical values of the correlations for PTA and for coma are slightly 
different, a comparison using the Fisher Ζ transformation showed that these 
differences are not statistically significant. 
As we are especially interested in the application of our PTA method to 
young children, we divided the children into two age groups, one up to the 
age of eight (N=25) and one aged nine and above (N=29). We repeated the 
correlation analysis for these two groups separately (Table 4.5b, c). Again 
there were strong correlations between outcome score and both PTA and 
coma duration. At the same times after discharge, no significant difference 
was observed among the correlation coefficients, neither when comparing 
one age group with the other, nor when comparing the values for the entire 
group. Moreover, the correlation coefficients for PTA and coma were not 
significantly different. 
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Entire group (N=54) 
PTA -0.7908 
Coma -0.7550 
Patients < 8 years (N=25) 
PTA -0.8046 
Coma -0.7543 

























The duration of PTA as determined by our procedure correlates as strong-
ly with the outcome score as does the duration of coma. From this we 
infer that our procedure provides a viable measure of PTA. In addition, our 
separate analysis of younger and older children indicates that the method 
is applicable over a wide range of ages. From a purely statistical point 
of view, the present data indicate that the duration of PTA and of coma 
qualify equally well as a general prognostic indicator for the amount and 
severity of sequelae. This leads to the tentative conclusion that therapeutic 
consequences (if any) may as well be based on coma duration as on PTA. 
Since in clinical practice coma is much easier to assess than PTA, coma 
duration will be the obvious choice. 

Chapter 5 
The Relation between Neurological 
Trauma Parameters and Long-Term 
Outcome in Children with 
Closed Head Injury 
M.B.M. Ruijs, F.J.M. Gabreëls, A. Keyser 
European Journal of Pediatrics 152,844-847 (1993) 
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Abstract 
In a study of 54 children with closed head injury, the relation between 
neurological severity indicators and the occurrence of long-term sequelae 
was investigated. Patient data were recorded during the clinical phase 
and during a two-year follow-up period. A correlation analysis identified 
early predictors for the occurrence of long-term sequelae. In particular, the 
duration of coma and of post-traumatic amnesia correlated strongly with the 
occurrence of neurological, behavioural and intellectual residual sequelae 
but not with the more subjective complaints. 
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5.1 Introduction 
In patients with Closed Head Injury (CHI), a wide range of permanent 
sequelae may occur affecting the neurological, neuropsychological and/or 
psychosocial functions, depending on the brain area involved and the sever-
ity of the injury (Black et al. 1981). In a previously reported retrospective 
"pilot" study these long-term sequelae of CHI in children and adolescents 
were investigated (Ruijs et al. 1990: Chapter 2). 
The pilot study demonstrated that patients with CHI involving a coma 
period of one hour or less rarely show any neurological, neuropsycho-
logical and/or psychosocial residual symptoms. However, such residual 
symptoms appear to be always present in patients who had been in coma 
for one week or more. Moreover, it was found that a number of sequelae, 
in particular behavioural and/or personality changes as well as slight in-
tellectual defects, are often not recognized at an early stage: Whereas the 
initial neurological and psychoreactive changes regress in most cases, symp-
toms such as headache, dizziness, poor concentration, lack of confidence, 
anxiety, fatigability etc. frequently persist. These symptoms may result in 
psychosocial problems and impaired school performance. 
Based on the findings of the retrospective pilot study, a second, more com-
prehensive prospective study of children with CHI was started in February 
1985. In this study, 54 children who were admitted with diffuse brain dam-
age as a result of CHI have been followed for two years after discharge. 
The main aim of this second study was to investigate in detail the relation 
between initial neurological trauma parameters and the occurrence of long-
term residual defects such as neurological and behavioural disturbances 
and cognitive impairments. In particular we investigated and compared 
the value of the duration of coma and of post-traumatic amnesia as prog-
nostic indicators for the occurrence of residual defects. 
This paper presents results of the prospective follow-up study. 
5.2 Patients and Methods 
Our study is based on patients aged 2-15 years who were admitted to the 
St. Radboud University Hospital in Nijmegen, The Netherlands, with head 
injury. Over a two-year period a total of 83 children was admitted. To study 
the effect of diffuse brain damage, we excluded patients with local lesions 
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Table 5.1: Age and sex distribution. 
N Mm. Max. Median 
Male 34 3 Ï5 73 
Female 20 2 15 10.0 
Total 54 2 15 9.0 
such as intracranial (epidural, subdural and intracerebral) haematomas, de-
pressed fractures of the skull or otherwise penetrating wounds as advocated 
by Schacter & Crovitz (1977). To prevent interference from premorbid disor-
ders, patients with prior neurological or neuropsychological disturbances 
(such as epilepsy, perinatal brain damage, mental retardation, attention 
deficit disorder etc.) were also excluded, as were patients who had had 
previous head injury. 
After this selection a study group of 58 children with diffuse brain dam-
age remained. Of these 58 children, 54 patients survived the acute phase. 
A summary of demographic statistics is given in Table 5.1. This group has 
been followed for two years after discharge from hospital. 
Information on the premorbid development history as well as the psy-
chosocial and cognitive functioning of the child was obtained immediately 
after admission by means of two questionnaires to be completed by the 
parents and by the school teacher, respectively. A number of explicit 
questions with regard to the pre-traumatic presence of specific personal-
ity, behavioural and school problems had to be answered on a 4-point scale 
ranging from 0 (none) through 3 (severe). 
The duration of coma was assessed by means of the Glasgow Coma 
Scale (GCS), also known as Eye-opening, Motor-response, Verbal-response 
(EMV) score, introduced by Teasdale & Jennett (1974). On this scale coma 
is defined as a period of unconsciousness during which a patient does not 
open his eyes, does not say a word and does not react to requests despite 
strong pain stimuli. This corresponds to an EMV score of 1-5-2 or lower. 
For children younger than five years of age, the Adelaide Paediatric Coma 
Scale, a paediatric version of the GCS (Simpson & Reilly 1982, Reilly et al. 
1988), has been adopted. The EMV score was assessed immediately after 
admission. In case of coma, this was repeated every 15 minutes during the 
first hour, then after 6,12 and 24 hours, and daily thereafter. 
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> 3 months 
Unlike the case of coma, there exists no generally accepted operational 
method to assess post-traumatic amnesia (PTA) in (young) children (Ruijs et 
al. 1992: Chapter 4). We therefore devised our own procedure on the basis of 
a method described by Artiola i Fortuny et al. (1980) for adults. We defined 
PTA as a period of mental confusion immediately following a head injury 
in which disorientation with regard to place, time and person are present, 
plus the inability to retain (new) experiences. We measured PTA from 
the moment of the injury and hence include a possible coma period. The 
PTA period is considered to have ended as soon as continuous memory, 
i.e. memory related to the sequence of day-to-day events, returned, with 
intact consciousness and good orientation with regard to time, place and 
person. Partial or complete recovery of cognitive functioning and everyday 
behaviour has then occurred, though not necessarily to the premorbid level. 
Central to the PTA procedure is a daily memory and orientation test. Details 
of this procedure have been described elsewhere (Ruijs et al. 1992: Chapter 4). 
Both the duration of PTA and of coma were scored on a scale from 0 to 7 
(Table 5.2). 
Adopting a classification scheme by Russell (1971), the study population 
was subdivided into three severity classes: slight (N=30), moderate (N=11) 
and severe (N=13). Slight cases had suffered from PTA for one hour or less 
(including no PTA at all), moderate cases for one day or less and severe cases 
longer than one day. Table 5.3 summarizes the length of stay in hospital for 
each of the three severity classes. 
After discharge from hospital, patients were followed for two full years. 
Both at discharge as well as at 3, 6, 12 and 24 months thereafter, patients 
underwent neurological examinations. Questionnaires were again used 
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Table 5.3: Length of stay in hospital (days). 
Severity class N Min. Max. Median 
Slight 30 î 16 4Ό 
Moderate 11 2 24 7.0 
Severe 13 10 83 27.0 
Total 54 1 83 6.5 
Table 5.4: Number of patients at follow-up per severity class. 
Months after discharge 
Severity class 0 3 6' 12 24 
Slight 30 30 13* 30 28 
Moderate 11 11 10 10 10 
Severe 13 13 13 13 12 
Total 54 54 36* 53 50 
* For some patients with slight concussions, the six-
month interval has been skipped. 
to obtain information on personality/behaviour and school performance. 
These follow-up questionnaires were basically identical to the ones used at 
admission. The school teacher was in addition asked to give an opinion 
as to whether the presence of any problems should be attributed to the 
accident. The information thus obtained was confronted with the data 
collected at admission time to identify any changes in personality/behav­
iour and school problems as a result of CHI. 
Four main categories of sequelae were distinguished: neurological de­
fects, somatic symptoms, personality/behavioural changes and school prob­
lems. A catalogue of disorders in each category is given in Table 5.5. For 
each patient the presence of any of these disorders was recorded (yes/no). 
In addition we counted (per patient) the number of disorders in each of the 
four categories. This procedure has been repeated for each of the follow-up 
intervals. Table 5.4 summarizes the number of patients seen at each follow-
up interval. After one year 98% and after two years still 93% of the patients 
participated. 
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Table 5.5: Summary of sequelae checked at follow-up intervals. 
• Neurological Defects: 
cranial nerve lesion, reflex abnormality, tonus abnormality, paresis, coor-
dination disorder, extrapyramidal disorder, dysphasia, amnesia, agnosia, 
apraxia, perseveration, confabulation, epilepsy. 
• Somatic Symptoms and Complaints: 
headache, dizziness, back/neck complaints, eating disorder, sleeping 
disorder, bedwetting. 
• Personality/Behavioural Changes: 
- Uninhibited Behaviour. 
temper tantrums, irritability, emotional instability, impulsivity, hy-
peractivity, fearful/panic behaviour. 
- Inhibited Behaviour 
bradyfrenia, apathy, slowing down of mental and emotional func-
tioning, loss of interest and initiative, attention weakness, forgetful-
ness, fear of failure. 
• School Problems: 
memory impairment, concentration disturbance, slowing down in un-
derstanding and/or action, problems with the motor skills, fatigability. 
5.3 Results 
Per follow-up interval and per category of sequelae, the fraction of patients 
who showed any symptoms is presented in Table 5.6a. Only 36% of the 
patients were completely asymptomatic after two years. 
To investigate in more detail the relation between the occurrence of se-
quelae and the severity of the trauma, the analysis was repeated for each of 
the three severity classes separately. Results are given in Figure 5.1. Our 
results clearly indicate a strong relationship between the severity of the 
trauma and the incidence of all but the somatic sequelae. 
To facilitate comparison of our results with other studies, we compared 
the group of patients who were unconscious (coma period > 15 minutes; 
N=11) with those who remained alert (or were briefly unconscious for at 
most 15 minutes; N=43). The results are presented in Table 5.6b. 
A more quantitative approach to investigate the relation between the 
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Table 5.6: Sequelae recorded at follow-up intervals: (a) for the entire group, (b)for 
the conscious and unconscious groups separately. 

















































































initial neurological severity-indicators and the number of sequelae, is by 
means of a correlation analysis. We determined the correlation of PTA 
and coma duration with the number of sequelae found in each of the four 
categories of symptoms. This was done for each of the follow-up intervals. 
Strong and significant (P<0.01) correlations were obtained for all but the 
somatic sequelae during the entire follow-up period (Table 5.7). 
5.4 Discussion 
The present study shows that the fractions of patients with somatic com-
plaints and with changes in personality/behaviour increased by some 50% 
over the first three months after discharge (Figures 5.1b, c). This indicates 
that it is not possible to extrapolate the functional outcome from experience 
during the hospitalization period. Certain sequelae apparently become only 
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a) Neurological Disorders c) Somatic Complaints 
6 12 24 
Months arter Discharge 
6 12 24 
Months alter Discharge 
b) Personality Changes d) School Problems 
6 12 24 
Months after Discharge 
6 12 24 
Months after Discharge 
Figure 5.1: Incidence of sequelae at follow-up intervals for three classes of trauma 
severity: О ·' Slight (PTA < 1 hour), Π : Moderate (1 hour < PTA < 1 day), 
A : Severe (PTA > 1 day). 
manifest once the patient returns to his own environment where the original 
quality standards then prove to be out of reach. Probably such defects are 
already existent while in hospital but go unnoticed and thus escape early 
diagnosis. 
Although, after the first three months, the number of sequelae decreased 
slowly, the full amount and severity of eventual (permanent) sequelae could 
be assessed only after many months or even years (Table 5.6, Figure 5.1). 
Two years after the accident, neurological sequelae and school problems 
were seen in some 60% of the severe cases while being virtually absent in 
the slight and moderate concussions (Figures 5.1a, d). Late personality /be­
havioural changes were observed in over 50% of all patients (Table 5.6a), i.e. 
including those with slight concussions (Figure 5.1c). Somatic complaints 
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Table 5.7: Correlation coefficients (significance P<0.01) of the number of sequelae 
at follow-up intervals and the duration of post-traumatic amnesia (PTA) and coma 

























































were recorded in 28% of the patients. Note that the fraction of patients with 
somatic complaints is almost equal for all three severity classes during the 
entire follow-up period (Figure 5.1c). 
It is widely recognized that head injuries which initially appear to be 
mild occasionally do give rise to severe complications, even so in the ab-
sence of specific neurological signs (Fisher 1966, Jennett 1976b, Fisher 1982, 
Binder 1986). The commonly described symptoms include headache, dizzi-
ness, irritability, anxiety, insomnia, easy fatigability, attentional disorder 
and concentration and memory difficulties (Gronwall & Wrightson 1974, 
Rutherford et al. 1977, Levin & Eisenberg 1979a, Dikmen et al. 1986, Levin 
et al. 1987). The results obtained in the present study are compatible with 
many other studies in the field (Denker 1944, Rutherford et al. 1979, Rutter 
et al. 1980, Brown et al. 1981, Chadwick et al. 1981a, Rimel et al. 1981). No-
table exception is a study by Farmer et al. (1987), who report headaches in 
only 2% of the patients after two months and behavioural problems in 50% 
immediately after head trauma but in only 5% after two months. 
Systematic studies of prognostic features in patients with severe head 
injury have been carried out by various authors (Heiskanen & Sipponen 
1970, Braakman et al. 1980, Levari et al. 1982). In adults the length of the PTA 
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period has proved useful as a prognostic factor (Russell & Smith 1961). Also 
the GCS assessment of severity, depth and duration of coma is considered 
to yield a reliable predictor of functional outcome (Teasdale & Jennett 1974). 
Studies of prognostic features in children suffering head injuries have varied 
in their findings (Hjem «Sc Nylander 1962, Artiola i Fortuny et al. 1980). 
The present study shows that both duration of coma and of PTA cor-
related strongly with the occurrence of long-term sequelae, in particular 
neurological defects, personality and/or behavioural changes and school 
problems. The correlations were found to remain high over the entire two-
year follow-up period. Clearly, both parameters provide a consistent mea-
sure of the severity of the injury and have a predictive value with regard to 
the amount of late sequelae. Since the two parameters yield virtually equal 
correlation coefficients, they have similar prognostic qualities. Note in this 
context that coma has some important practical advantages over PTA: dura-
tion of coma can be assessed easier than PTA, moreover its value is known 
earlier in the course of treatment. 
An interesting additional finding of our study is the absence of corre-
lation for the occurrence of somatic complaints and symptoms (Table 5.7). 
Apparently the presence of these more subjective symptoms bears little 
relation to the severity of the initial trauma. 

Interlude 
Coma or PTA ? 
Introduction 
In the previous two Chapters we studied the correlations of various resid-
ual symptoms with the durations of coma and of PTA. For all symptoms 
considered in those chapters, we found that the correlations for coma and 
PTA are not significantly different. This implies that from a purely statistical 
point of view there is no preference for either one as far as predictive power 
with respect to the sequelae of paediatric CHI is concerned. This being said, 
the interesting question still remains whether knowledge of coma and PTA 
together would perhaps provide a larger total predictive power. With the 
data of our study at hand we find ourselves in a unique position to try and 
answer this question. 
Procedure 
To allow a proper analysis, we first construct a composite correlation co-
efficent which accounts in a consistent way for the simultaneous effects of 
coma and PTA. 
We first consider the interpretation of correlation coefficients. It is gen-
erally accepted that the square of a correlation coefficient tells how much of 
the variation in the dependent variable (in our case some residual defect) is 
"explained" by variations of the control variable (in our case coma or PTA). 
As an hypothetical example, consider a correlation coefficient r with a value 
of 0.80. In this case r2 = 0.64, implying that 64% of the effect under study 
may be explained by the correlating variable. Obviously the remaining part 
(1 — r2), or 36%, is to be explained by other factors. 
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The next thing we need to consider is partial correlation. The partial (or 
conditional) correlation coefficient measures the correlation with a second 
control variable, while the effect of correlation with a first control variable 
is eliminated. The partial correlation coefficient rpart thus "explains" the 
fraction r2
art of the primarily unexplained part (1 — r 2 ) . 
Taking now coma as the first and PTA as the second control variable, 




 + ( 1 - г 2 ) х г ^ 
The final step is to interpret the total "explained" fraction as the result 
of a single, composite correlation coefficient r ^ p . Clearly this composite 
correlation coefficient is equal to the square root of the previous expression: 
Tœmp = Jr2 + (1 - Γ2) Χ Г2„, 
The thus defined composite correlation coefficient r ^ p embodies in a co­
herent way the total correlation of coma and PTA together. Its value may be 
directly compared to the values of the conventional correlation coefficients 
obtained for coma and PTA separately. For the numerical value of r
m n i p it 
makes no difference whether the roles of coma and PTA are interchanged. 
This corresponds to the intuitive notion that for the total effect it cannot 
make any difference which of the two variables is considered first. 
Results 
We have determined the conventional as well as the partial correlation 
coefficients and calculated the composite correlation coefficients according 
to the procedure outlined above. The results are presented in the Table 1.1. 
To keep the table intelligible and transparant, the various partial correlation 
values are not included. Moreover the somatic symptoms have been left 
out because their conventional correlation coefficients were already found 
to be not statistically significant (Table 5.7). 
Discussion 
From Table 1.1 it is seen that the values of the correlation coefficients for 
coma and PTA together are on average some 5% higher than the correlation 
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Table 1.1: Correlation coefficients of sequelae at follow-up intervals: with the 
durations of coma and post-traumatic amnesia (PTA) separately (conventional 































































coefficients for coma and PTA separately. This implies that indeed more 
predictive power is obtained when coma and PTA are both measured. The 
amount of extra information however is relatively small. 
In an attempt to answer the question "Coma or PTA?" we now summarize 
our most relevant findings: 
• The durations of coma and of PTA alone have statistically equivalent 
predictive power for various categories of sequelae (Chapters 4 and 5). 
• In practice the duration of coma is far easier to assess than that of PTA 
(Chapter 4). 
• Additional knowledge of the duration of PTA adds little to the predic-
tive power obtained from the duration of coma alone (this Interlude). 
On the basis of these findings we conclude that in clinical practice one is 
best advised to resort to measurement of the duration of coma. 

Chapter 6 
Utility of Electroencephalography and 
Cerebral Computed Tomography in 
Children with Mild and Moderately 
Severe Closed Head Injuries 
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Abstract 
The utility of electroencephalography and computed tomography has been 
studied in a prospective follow-up study of 54 children with mild and mod-
erately severe closed head injuries. EEG and CT scan were recorded in 
the acute phase. Furthermore the duration of coma and of post-traumatic 
amnesia were registrated. During a two-year follow-up period the presence 
of residual disorders in various faculties was evaluated at fixed time inter-
vals after discharge. The data have been subjected to correlation analyses 
to study the relation of EEG and CT scan findings with the severity of the 
trauma and with the occurrence of long-term sequelae. Both the EEG and 
the CT scan abnormalities are found to correlate appreciably with the degree 
of severity and with the occurrence of, in particular, long-term sequelae in 
the fields of neurological disturbances and school performance. It is con-
cluded that EEG and CT are useful diagnostic tools in children with mild 
and moderately severe closed head injuries. 
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6.1 Introduction 
In children with Closed Head Injury (CHI) it is important to assess the 
extent and severity of the brain involvement. At the time of emergency 
room evaluation this is often difficult because clinical manifestations may 
be transient and objective laboratory findings are lacking. Besides, physical 
findings may not correlate well with the degree of the injury (Jennett & 
Teasdale 1979, Plum & Posner 1980). Many children with head injury, who 
arrive consciously in the emergency room, will nevertheless have suffered a 
period of unconsciousness. Patients who have experienced an injury strong 
enough to disturb the brain function, are clearly at risk of development 
of neurological and neuropsychological residual defects (Ruijs et al. 1990, 
1993: Chapters 2 and 5). Loss of consciousness implies significant brain 
dysfunction caused by the trauma. However, this does not necessarily 
imply that actual morphological or structural damage has occurred (Shapiro 
1983). 
Diagnostic aids to identify structural central nervous system abnormal-
ities and neuronal dysfunction in the acute phase are computed tomogra-
phy (CT), magnetic resonance imaging (MRI) and electroencephalography 
(EEG). Especially EEG is well suited to characterize a state of diffuse neu-
ronal dysfunction such as after concussion. The EEG is known for instance 
to change with varying degrees of head trauma (Klonoff et al. 1977, Koufen 
1977, Bricolo et al. 1979, Landau-Ferey & Bour 1980, Mizrahi & Kellaway 
1984). CT scanning of the brain provides information concerning the gross 
structure of tissue. Several studies showed that CT scan abnormalities 
increase proportionally with the clinical severity of head injuries (Merino-
de Villasante & Taveras 1976, Snoek et al. 1979, Espersen & Petersen 1982, 
Marshall & Bowers 1985, Lee et al. 1991, LeRoux et al. 1992, Stein et al. 1993). 
In this report we present the results of a longitudinal, prospective study 
of initial EEG and CT scan findings in 54 children with mild and moderately 
severe brain damage resulting from closed head injury. The patients in this 
study have been followed for two full years. EEG and CT were recorded 
during the clinical (acute) phase. Sequelae were recorded at fixed intervals 
after discharge from hospital. The data obtained were subjected to correla-
tion analyses to study the value of EEG and CT scan in connection with the 
severity of the trauma and the prediction of residual disorders. 
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6.2 Patients and Methods 
Our study is based on patients aged between 2 and 15 years who were admit­
ted to the University Hospital St. Radboud in Nijmegen, The Netherlands. 
Over a two-year period starting February 1985 a total of 83 children with 
head injuries was admitted. From this group, patients with local lacerations 
such as a depressed fracture of the skull or an intracranial haemorrhage were 
excluded, as were patients with prior neurological or neuropsychological 
disorders. After this selection an initial group of 59 patients remained. 
Of these patients, four did not survive the acute phase. One patient was 
excluded secondarily because of an intracranial haematoma followed by 
neurosurgical intervention. The remaining 54 patients were prospectively 
entered into a CHI protocol. Statistics on the age distribution of the patient 
group are presented in Table 6.1. The mean age at the moment of injury was 
8.4 years. Immediately after admission a CT scan of the cerebrum, consist­
ing of a continuous series of transverse slices of 5 mm, was obtained from 
47 patients (Siemens Somatom DR3). Of 53 children an EEG was recorded 
within 24 hours after the injury. 
Table 6.1: Age and sex distribution of patients. 
N Mean S.D. Median 
Male 34 76 з!б 75" 
Female 20 9.7 3.5 10.0 
Total 54 8.4 3.7 9.0 
For all patients the duration of the coma and Post-Traumatic Amnesia 
(PTA) periods was registrated. The procedures to assess coma and PTA 
have been described in detail elsewhere (Ruijs et al. 1992,1993: Chapters 4 
and 5). The duration of PTA and of coma were both scored on a scale from 
0 to 7 (Table 6.2). The patients were retrospectively classified on the basis 
of the PTA period in one of three severity classes according to a scheme by 
Russell (1971). Our patients were scored in this scheme as follows: slight 
(PTA < 1 hour): 30; moderate (1 hour < PTA < 1 day): 11; severe (PTA > 1 
day): 13. 
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The EEGs were classified according to the degree and distribution of 
abnormalities (adjusted for age because the degree of slow activity in normal 
children is age dependent) (Blume 1982, Niedermeyer & Lopes da Silva 
1993). Adopting a modified classification scheme by Rumpl et al. (1979), 
all EEGs were classified in one of the following four Grades (in order of 
increasing abnormality): 
I: normal background pattern, no abnormalities; 
Π: predominant alpha and little theta activity; 
III: predominant theta and little delta activity; 
Г : predominant high voltage rhythmic and arrhythmic delta and subdelta 
activity, with signs of spontaneous alterations as delta bursts and delta 
runs. 
Other signs of abnormality, such as asymmetric background or lateralized 
signs (e.g. local slowing), were separately registrated while the EEG as a 
whole was still assigned to one of the Grades II, ΠΙ or Г on the basis of the 
background activity. 
Following Merino-de Villasante & Taveras (1976) and Snoek et al. (1979), 
the CT scans were reviewed for the following features (in order of increasing 
abnormality): 
1: localized areas of reduced or mixed increased and decreased density, 
interpreted as edema, infarction or contusions; 
2: traces of blood in the Sylvian or interhemispheric fissures, over the 
hemisphere surface or in the ventricles (post-traumatic intraventricular 
haemorrhage); 
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3: lateral displacement of the ventricles, indicative of localized cerebral 
swelling; 
4: compressed ventricular system, suggestive of diffuse swelling of the 
brain. 
The assessment was done for the left and right hemispheres separately 
(with the exception of feature 3: lateral shift of the ventricles). Note that the 
scores on the above features are mutually independent and that therefore 
patients may have scores on several features simultaneously. Patients whose 
CT scan showed evidence of an extracerebral collection of blood (epidural 
or subdural haematoma) or the presence of a circumscribed intracerebral 
haematoma were excluded from the present study, even when no surgery 
was considered necessary. 
The entire group of 54 children with CHI has been followed for two 
full years after discharge from hospital. During this follow-up period, the 
presence of residual signs and symptoms was assessed by means of neu­
rological and neuropsychological examinations and questionnaires: for the 
first time at discharge and then at 3,12 and 24 months thereafter. Four main 
categories of residual disorders were distinguished: neurological defects, 
somatic complaints, personality /behavioural changes and school problems 
(school problems were assessed for the first time three months after dis­
charge). A catalogue of disorders in each category is given in Table 6.3. For 
each patient the presence of any of these disorders was recorded (yes/no). 
Details of this procedure have been given elsewhere (Ruijs et al. 1993: Chap­
ter 5). For each follow-up interval, the total number of disorders (per pa­
tient) in a given category was determined. Also the Glasgow Outcome Score 
(GOS) according to the method by Jennett & Bond (1975) was evaluated. 
The GOS is a global numerical indication (regarding overall neurophysical, 
mental and social outcome) of the severity of sequelae on a modified scale 
from 1 to 8 (1 = died, 8 = no sequelae) (Minderhoud & van Zomeren 1984). 
The data thus obtained were subjected to correlation studies to establish 
the value of EEG and CT scanning abnormalities in the initial posttraumatic 
phase and to explore their prognostic value with regard to long term residual 
defects. 
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Table 6.3: Summary of sequelae checked at follow-up intervals. 
• Neurological Defects: 
cranial nerve lesion, reflex abnormality, tonus abnormality, paresis, coor­
dination disorder, extrapyramidal disorder, dysphasia, amnesia, agnosia, 
apraxia, perseveration, confabulation, epilepsy. 
• Somatic Symptoms and Complaints: 
headache, dizziness, back/neck complaints, eating disorder, sleeping 
disorder, bedwetting. 
• Personality/Behavioural Changes: 
- Uninhibited Behaviour 
temper tantrums, irritability, emotional instability, impulsivity, hy­
peractivity, fearful/panic behaviour. 
- Inhibited Behaviour 
bradyfrenia, apathy, slowing down of mental and emotional func­
tioning, loss of interest and initiative, attention weakness, forgetful-
ness, fear of failure. 
• School Problems: 
memory impairment, concentration disturbance, slowing down in un­
derstanding and /or action, problems with the motor skills, fatigability. 
6.3 Results 
A summary of the residual disorders recorded at follow-up intervals is 
presented in Table 6.4. Extensive details of the СШ follow-up protocol have 
been presented elsewhere (Ruijs et al. 1993: Chapter 5). 
In 32 (60%) of the 53 children clear post-traumatic EEG abnormalities 
were seen. Five (9%) patients showed a borderline EEG with very little non­
specific background abnormalities with diffuse slowing of alpha rhythm 
and little theta activity, no lateralized signs, no epileptic discharges, no 
paroxysm of delta bursts or runs. Of those with a slight concussion more 
than half of the patients (55%) had normal records or only very little oc­
cipital slow activity (Grades I or Π). Of those with moderate concussion, 
approximately two thirds (63%) showed strongly marked occipital slow ac­
tivity (Grade III). All children in the severe group had involvement of both 
anterior and occipital regions, with diffuse EEG disturbances. Nearly all 
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Table 6.4: Summary of residual disorders recorded at follow-up intervals: (a) for 
the entire group, (b)for each of the three severity classes separately. 





































































































(92%) had very abnormal records (Grades III and Г ). A summary of EEG 
results is given in Table 6.5. 
In 13 (36%) out of the 47 children who underwent a CT scan of the brain 
directly after admission, abnormalities were found. Of the patients with a 
slight concussion, 13% showed abnormalities. For the groups of patients 
with moderate and severe concussions, CT abnormalities were recorded in 
27% and 85% respectively. The CT scan results are summarized in Table 6.6. 
Combining EEG and CT scan findings, we found that of 30 patients with 
normal CT scans, 20 (66%) had abnormal EEG registrations. Only one 
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Table 6.5: EEG disorders recorded in the acute phase. 
Slight Moderate Severe 
Total number of patients 30 11 13 
Missing (no EEG) 1 - -
Grade I = No abnormalities 13 3 -
Grade Π = Little slow activity 3 1 1 
Grade ΠΙ = Marked slow activity 13 7 4 
Grade ГУ = Diffuse strong slowing - - 8_ 
Table 6.6: Numerical scoring system for grading severity of CT scan findings and 
numbers of patients. 
Slight Moderate Severe 
Total number of patients 30 11 13 
Missing (no CT scan) 7 - -
Score 0 = No abnormalities 20 8 2 
Score 1 = Local mixed density changes 1 1 11 
Score 2 = Traces of extracerebral blood 2 1 1 
Score 3 = Lateral shift of the ventricles - - 3 
Score 4 = Compressed ventricles 2 1 7 
patient with a normal EEG record showed CT abnormalities (localized area 
of contusion involving the right frontal lobe). In 15 (28%) patients EEG and 
CT disturbances were seen together. 
To explore in more detail the relation of EEG and CT abnormalities to 
the severity of the trauma and to the occurrence of sequelae, Spearman 
(rank) correlation analyses were performed. In these analyses, the EEG 
results were entered numerically as 0 through 3, corresponding to Grades I 
through IV respectively. For the CT scan results, the total of scored features 
(a numerical value in the range 0 to 17) was the quantity entered in the 
correlation analyses (see Table 6.6 for details). 
We first determined the correlation of the PTA and coma durations with 
the EEG and CT scan results. Moderately strong correlations were ob­
tained for both PTA and coma duration. For the EEG records we obtained 
the following correlation coefficients: 0.5892 (P=0.000) for PTA and 0.4113 
(P=0.001) for coma. The CT scan correlation results were 0.4793 (P=0.000) 
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Table 6.7: Rank correlation coefficients of the EEG and CT abnormalities and 
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and 0.4700 (P=0.000) for PTA and coma respectively. The observed correla-
tions are somewhat higher for PTA than for coma. The differences however 
are not statistically significant. 
To evaluate the potential of EEG abnormalities and CT findings as pre-
dictors for the occurrence of well documented long-term sequelae, the EEG 
and CT data have been confronted with the residual disorders recorded at 
follow-up intervals (Table 6.4). The correlations of the degree of EEG ab-
normality and of the total of CT abnormalities with the number of residual 
symptoms found in each of the four categories of sequelae (neurological 
defects, somatic complaints, personality /behavioural changes and school 
problems) as well as with the GOS have been determined. Again the Spear-
man (rank) correlation procedure was used. The correlation coefficients 
obtained are presented in Table 6.7. 
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Prominent correlations of EEG and CT abnormalities with, in particular, 
neurological defects and school problems were obtained. Moreover these 
correlations became stronger at follow-up intervals. Only moderate correla-
tions were found for behavioural changes recorded at discharge, decreasing 
to weak after three months and no statistically significant correlation there-
after. No statistically significant correlations at all were obtained for the 
somatic complaints. The correlation of CT scan results with the GOS is only 
moderate immediately after discharge and thereafter it is not significant 
anymore. It should be noted that in general the correlation coefficients for 
EEG findings are higher than for CT scan results. 
6.4 Discussion 
The use of EEG to establish the diagnosis and to assess severity of cerebral 
concussion in children with CHI has declined in the past few years. Firstly, 
for clinicians the value of EEG records is superseded by radiologic methods 
to directly visualize cerebral damage. The development of CT scanning has 
revolutionized the role of radiology in the management of head trauma. 
It is established that CT scanning of the brain, and nowadays MRI scan-
ning, provide detailed information concerning the gross structure of tissue. 
Secondly, EEG after head injury is nowadays believed to be a rather poor 
indicator of the severity of the trauma. Various studies support the notion 
that EEG has little use in the evaluation of head injury in children. Menkes 
& Batzdorf (1980), for instance, reported the absence of a direct relation 
between the severity of concussion and EEG abnormalities. In particular 
pronounced discrepancies between the electrical cortical activity and the 
clinical state in children were reported. Singer & Freeman (1978) concluded 
that EEG rarely provides information that alters physician's course of ac-
tion. Kellaway (1955) however reported that the EEG correlated well with 
the severity of head injury and also that the EEG abnormalities after traumas 
of equal severity were more numerous in children than in adults. 
Nowadays CT scanning provides a far more reliable morphological di-
agnosis than do clinical and EEG methods. CT scanning makes it possible 
to visualize during life the presence of pathological lesions which could 
previously only be suspected until necropsy. These include contusions, 
intracranial haematoma and intraventricular bleeding. One of the earliest 
reports of head injuries examined by CT scanning is from Merino-de Vil-
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lasante & Taveras (1976), who found that CT scan abnormalities increased 
proportionally with clinical severity. Espersen & Petersen (1982), however, 
reported that CT may fail to detect some lesions, even in the case of clini-
cally severe injuries: at re-examinations, more lesions were detected in areas 
which initially showed only minimal abnormalities or were interpreted as 
normal. With MRI scanning it would now be possible to detect finer le-
sions with significantly better specificity and sensitivity than CT in central 
structure injuries (Ogawa et al. 1992). Still CT scan is at present more ad-
vantageous for acute head injuries because of its speed and its accuracy in 
the detection of surgically curable lesions such as intracranial haematomas. 
The presence of radiologically detected brain injury (such as contusions, 
intracranial haematoma or diffuse swelling of the brain) seen on initial 
cranial CT scans, is generally seen as an indicator of the final outcome (Snoek 
et al. 1979, Stein et al. 1993). Especially the presence of intraventricular 
haemorrhage was indicative of a very poor prognosis, with only half of 
the patients being independent at a 6-months follow-up. The occurrence 
of intraventricular haemorrhage was found in 1.5 to 3% of all patients with 
nonmissile head trauma and in nearly 10% of patients with severe head 
injury (Lee et al. 1991, LeRoux et al. 1992). Moreover, it is well documented 
in head injury reports (Jennett et al. 1979, Marshall & Bowers 1985) that 
younger patients fare better than older ones. 
The present report deals with a prospective study of 54 children with 
mild and moderately severe CHI, without surgically curable intracranial 
haematomas. The study focuses on the value of initial EEG and CT scan 
abnormalities in grading the severity of the trauma and predicting the oc-
currence of residual symptoms. The patients in this study were not yet 
subjected to MRI scanning because it was not available at the time. The 
severity of the trauma was measured in terms of duration of coma and PTA 
periods. To document in detail the residual disorders, all patients took part 
in a two-year follow-up protocol. 
In a previous report we already demonstrated the strong correlations of 
the duration of coma and PTA with the occurrence of long-term sequelae, in 
particular of neurological defects, personality and /or behavioural changes 
and school problems (Ruijs et al. 1993: Chapter 5). In the present analysis 
we obtained moderately strong correlations (correlation coefficients ~ 0.5, 
P<0.001) for both EEG and CT scan abnormalities with the durations of 
coma and of PTA, which are often adopted as objective measures of the 
severity of a trauma. This contrasts with other studies which claim little 
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or even no relationship between the severity of the trauma and EEG ab-
normalities (Singer & Freeman 1978, Menkes & Batzdorf 1980, Espersen & 
Peterson 1982). 
In addition, the EEG and CT scan abnormalities were found to show ap-
preciable correlations with the occurrence of residual symptoms, in particu-
lar in the fields of neurological disorders and of school problems (Table 6.7). 
Since these correlations were stronger for the later follow-up intervals, we 
conclude that EEG and CT scan findings correlate specifically with the 
persistent and long-term sequelae rather than with transient or short-term 
symptoms. The observed correlation coefficients for the EEG results were 
in general higher than for the CT scan findings. The differences, however, 
were small and hardly statistically significant. The correlations obtained 
for EEG and CT scan findings are less strong than those reported for the 
duration of coma and of PTA (Ruijs et al. 1993: Chapter 5). The surplus value 
of EEG and/or CT scan with regard to the prognosis of residual symptoms 
clearly lies in their early availability, i.e. while the patient is still in coma or 
suffering from PTA. 
We thus conclude that initial EEG and CT scan in children with mild 
or moderately severe closed head injury provide early information on the 
severity of the trauma. Moreover, both clinical tools give specific clues to 
the prognosis with regard to long-term residual symptoms, especially in the 
fields of neurological disorders and of school performance. Based on these 
findings, we believe that EEG as well as CT scan are essential diagnostic 
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Abstract 
In search of a prognostic indicator for residual cognitive function loss in 
children after closed head injury, the somatosensory evoked potential P300 
has been studied in a prospective follow-up study of 17 patients with mild 
and moderately severe head injuries. The P300 response was measured in 
the acute phase after patients regained consciousness. In addition the dura-
tion of coma and of post-traumatic amnesia were recorded. An age-matched 
control group of 20 healthy children supplied age-related normative evoked 
potential data. During a two-year follow-up period the presence of residual 
disorders in various faculties was evaluated at fixed time intervals after 
discharge. Correlation analyses revealed that, where the duration of coma 
and of post-traumatic amnesia qualify as general predictors of sequelae, the 
long-latency somatosensory evoked potential P300 correlated specifically 
with long-term deficits in the field of school performance. 
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7.1 Introduction 
It is generally acknowledged that in children with Closed Head Injury (CHI) 
the duration of coma and the duration of Post-Traumatic Amnesia (PTA) 
constitute prognostic indicators with regard to the occurrence of residual 
symptoms. In previous communications we have reported on comparative 
studies of both variables (Ruijs et al. 1992,1993: Chapters 4 and 5). While 
their prognostic quality as such could well be established, neither of the 
two parameters appeared to be very specific as to the type of sequelae to 
be expected. In an attempt to identify more specific indicators for in partic-
ular cognitive residual symptoms, we studied the Somatosensory Evoked 
Potentials (SEPs) in children with CHI. The use of Evoked Potentials (EPs) 
to predict outcome in patients with traumatic brain-damage has been advo-
cated by various authors (Greenberg et al. 1977,1981, De la Torre et al. 1978, 
Hume & Cant 1981, Lindsay et al. 1981, Rappaport et al. 1981, Newlon et al. 
1982, Pfurtscheller et al. 1985, Zentner & Ebner 1988). 
In EP testing, an exogenous electrophysiological stimulus is applied 
which under normal cicurmstances evokes a polyphasic cortical potential 
composed of short-latency (< 50 ms; Figure 7.1a) and long-latency (> 50 ms; 
Figure 7.1b) components. The short-latency EPs result directly from specific 
thalamo-cortical afférents. The long-latency components are considered 
to be the product of complex interactions between the thalamo-cortical, 
cortico-cortical and ascending reticular activation systems and hence pri-
marily reflect cortical activity and integrity. In our study we have consid-
ered the N13 and N20 short-latency components and the N60, P100 and 
P300 long-latencies. In particular the P300 component is believed to orig-
inate in the hippocampus and associated brain areas which are important 
neural structures for learning and memory (Papanicolaou et al. 1984) and 
hence is strongly related to cognitive functioning. Note that the P300 So-
matosensory Evoked Potential must not be confused with the P300 potential 
as encountered in Event-Related Potential studies which is elicited by means 
of "oddball" tasks. 
Several authors have studied EPs in patients with head injuries. Papan-
icolaou and co-workers have applied the long-latency component P300 as 
a physiological index of cognitive function, using the latency time to dif-
ferentiate cognitive impaired from cognitive recovered patients after closed 
head injury. They found the P300 latency time to correlate with the duration 
of post-traumatic amnesia. Drake & John (1987) reported P300 latencies in 
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Figure 7.1: Somatosensory Evoked Potential wave forms. The arrows indicate 
the positions of (a) the short-latency SEP components N13 and N20, and (b) the 
long-latency SEP components N60, P100 and P300. 
ten patients with post-concussive syndrome which were significantly longer 
than in age-matched control subjects. Also the short-latency EP components 
have been studied in relation to the assessment and prognosis of patients 
with coma after head injuries (Greenberg et al. 1977, 1981, Lindsay et al. 
1981). 
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The studies mentioned here are all limited in scope to adults. The fea-
sibility of evoked potentials to document neurophysiological deficits or 
determine prognosis in children is largely an open question. In this report 
we present the results of a longitudinal study of SEPs in children with mild 
and moderately severe brain-damage as a result of CHI. The patients in this 
study were followed for two full years. The presence of sequelae of various 
kind was recorded at fixed intervals after discharge from hospital. Short-
and long-latency SEPs were measured in the clinical (acute) phase, after 
patients regained consciousness. The P300 latency was measured again 
one year later. SEP abnormalities were assessed by comparing with age-
matched control subjects. The results of the P300 measurements were in 
addition subjected to a correlation analysis in order to study its quality with 
respect to the prediction of residual disorders. 
7.2 Patients and Methods 
The group of patients consisted of 17 children aged between 6 and 14 years, 
who were admitted to the St. Radboud University Hospital in Nijmegen 
with brain damage from CHI. Statistics on the age distribution of the patient 
group are presented in Table 7.1. 
The control group consisted of 20 healthy, school-going children between 
6 and 14 years of age and did not include children who previously had 
been treated in connection with any neurological or neuropsychological 
disturbances. For comparison with the group of patients, statistical index 
numbers on the control group are given in Table 7.1. 
The patients were prospectively entered into a CHI protocol and received 
standard treatment (Ruijs et al. 1993: Chapter 5). The duration of PTA and 
of coma have been adopted as measures of the severity of the initial brain 
damage. PTA is a period of variable length immediately following head 
injury during which the patient is in a state of mental confusion. It is 
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characterized by disorientation with regard to place, time and person and 
an inability to retain (new) experiences. Our procedure to assess PTA has 
been described in detail elsewhere (Ruijs et al. 1992: Chapter 4). The duration 
of coma was determined by means of the Glasgow coma scale, also known 
as EMV score (Eye-opening, Motor-response, Verbal-response) introduced 
by Teasdale & Jennett (1974). On this scale coma is defined as a period of 
unconsciousness during which a patient does not open his eyes, does not 
say a word and does not react to requests despite strong pain stimuli. This 
corresponds to an EMV score of 1-5-2 or lower. Both the duration of PTA 
and of coma were scored on a scale from 0 to 7 (Table 7.2). 
Of the 17 patients, 15 suffered a period of coma. In 7 patients this period 
lasted more than 15 minutes (up to a maximum of 4 weeks). All patients 
went through a period of PTA, the length of which varied from 15 minutes 
to more than 3 months (Table 7.2). Note that our patient group comprises a 
substantial fraction of mild and moderately severe injuries. 
Information on the premorbid development history and the psychosocial 
and cognitive functioning of the patient was obtained immediately after 
admission by means of two questionnaires to be completed by the parents 
and by the school teacher, respectively. A number of explicit questions with 
regard to the pre-traumatic presence of specific personality, behavioural 
and school problems had to be answered on a 4-point scale ranging from 0 
(none) through 3 (severe). 
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For patients as well as normal subjects, SEPs were generated by stim-
ulation of the somatosensory pathway through the median nerve. After 
detailed explanations electrophysiological recordings were carried out in 
an isolated room. In patients the stimulating electrode was applied on the 
dominant hand side. In the control subjects both the left and the right hand 
sides were measured. The measurements were performed using a Nico-
let Pathfinder. A uniform and regular stimulus of the median nerve with 
pulses of 0.1 ms and a repetition rate of 3.1 Hz was applied to produce 
the short-latency SEPs (sweep length 100 ms, 1000 sweeps being averaged, 
band pass 5-1000 Hz). The long-latency SEPs were recorded with a random 
stimulus of 0.3 Hz (sweep length 800 ms, 100 sweeps being averaged, band 
pass 1-250 Hz). The voltage of the stimulus was increased until thumb 
twitching occurred. 
The evoked potentials were recorded simultaneously from the cervical 
spine at the level of the C7 spinous process and from the scalp at both hemi-
spheres (C3, C4 active; vertex reference). In all cases at least two averages of 
100 or 1000 sweeps were measured in order to assure reproducibility of the 
result. Measurements included negative (N) and positive (P) peak latencies 
over the cervical spine N13, and over the scalp N20 (short-latency compo-
nents) and the N60, P100 and P300 long-latency components (Figure 7.1). 
In the clinical phase, the SEP latencies were measured once the patient was 
conscious and co-operative (1 to 40 days after the injury, average 15.2 days). 
The P300 latency was measured a second time one year later. 
As part of our CHI protocol, all patients were followed for two full years 
after discharge from hospital. During this follow-up period, the presence 
of residual signs and symptoms was assessed by means of neurological ex-
aminations. For the first time at discharge and then at 3,12 and 24 months 
thereafter. Questionnaires were again used to obtain information on per-
sonality/behaviour and school performance. The follow-up questionnaires 
were identical to the ones used at admission. The follow-up information 
was confronted with the data collected at admission time to identify any 
changes in personality /behaviour and school problems as a result of CHI. 
Four main categories of residual disorders are distinguished: neuro-
logical defects, somatic symptoms, personality/behavioural changes and 
school problems (school problems were assessed for the first time three 
months after discharge). A summary of disorders in each category is given 
in Table 7.3. For each patient the presence of any of these disorders was 
recorded (yes/no) and the total number of disorders per category was de-
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Table 7.3: Summary of sequelae checked at follow-up intervals. 
• Neurological Defects: 
cranial nerve lesion, reflex abnormality, tonus abnormality, paresis, coor-
dination disorder, extrapyramidal disorder, dysphasia, amnesia, agnosia, 
apraxia, perseveration, confabulation, epilepsy. 
• Somatic Symptoms and Complaints: 
headache, dizziness, back/neck complaints, eating disorder, sleeping 
disorder, bedwetting. 
• Personality/Behavioural Changes: 
- Uninhibited Behaviour 
temper tantrums, irritability, emotional instability, impulsivity, hy-
peractivity, fearful/panic behaviour. 
- Inhibited Behaviour. 
bradyfrenia, apathy, slowing down of mental and emotional func-
tioning, loss of interest and initiative, attention weakness, forgetful-
ness, fear of failure. 
• School Problems: 
memory impairment, concentration disturbance, slowing down in un-
derstanding and/or action, problems with the motor skills, fatigability. 
termined. In addition the patient's outcome score according to the method 
by Jennett & Bond (1975) - known as the Glasgow Outcome Score (GOS) -
was evaluated. The GOS is a global numerical indication of the severity of 
sequelae on a scale from 1 to 8 (1 = died, 8 = no sequelae). 
Data analysis consisted of descriptive statistics of both patients and con-
trol subjects, the extraction of normative SEP latency values from the control 
group data (which included a regression analysis on age), and a comparison 
of individual patient data with these normative values. An important part 
of our study is a correlation analysis of the P300 latency with the number 
of residual symptoms and with the GOS. For comparison, analogous corre-
lation analyses were performed for the durations of PTA and coma, which 
are both well established as viable measures of the severity of the trauma. 
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7.3 Results 
First the statistical features of the SEP data in the control group were anal-
ysed: By means of a Wilcoxon signed-ranks test it was established that no 
statistically significant difference existed between the left and right hand 
SEP values. Hence the left and right hand values were averaged to obtain 
singular SEP values per control subject. These values were entered in a 
regression analysis on age. The results for the N13, N20, N60 and P100 SEP 
latencies are presented in Figure 7.2. For the P300 component, no statisti-
cally significant (P<0.05) age dependence was observed. Hence the control 
group latencies N13, N20, N60 and P100 are described by distributions with 
the regression lines as age dependent mean while for the P300 a normal 
distribution with the observed mean and standard deviation of 281.7 ms 
and 15.3 ms respectively is assumed. 
The control group distributions were adopted as normative values to 
which patient data could be compared: Patient SEP data were rated ab-
normal if they were outside the 99% confidence intervals (Figure 7.2). For 
the normally distributed P300 the 99% confidence interval corresponds to 
±2.58 standard deviations. The results are presented in Table 7.4. The short-
latency components N13 and N20 were found to be normal in all patients. 
In a small number of cases abnormal N60 and P100 values were observed. 
For the P300 component irregularities were found in a substantial fraction 
(13 out of 17 or 76%) of the patients: In five patients the P300 could not be 
produced at all and eight patients exhibited abnormally long latencies. Ob-
viously the P300 latency is the most affected by (and the most sensitive to) 
the injury. We noted that in many cases the irregular P300 was accompanied 
by severe abnormalities in electroencephalographic recordings. 
After one year the P300 was remeasured in 15 patients. Nine patients 
still showed an abnormal P300 latency. In all cases with an irregular first 
measurement, a complete or partial regress towards the range of normal 
values was observed. Moreover, none of the patients who were initially 
normal exhibited an abnormal P300 latency after one year. Two patients 
could for various reasons not be remeasured after one year. Since these 
patients were already normal at the first measurement, we infer that after 
one year 9 out of 17 patients (53%) exhibited an abnormal P300. 
In the absence of a statistically significant age dependence, the P300 la-
tency time as measured in the clinical phase was subjected to Spearman 
(rank) correlation analyses. In particular we determined the correlations of 
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N13 N20 
12 13 14 
Age (years) 
12 13 14 
Age (years) 
N60 P100 
10 11 12 13 14 
Age (years) 10 11 
12 13 14 
Age (years) 
Figure 7.2: Age dependence of the latency times of the N13, N20, N60 and P100 
Somatosensory Evoked Potentials in healthy children. Shown are the observed 
values, the regression line and the 99% confidence limits. 
the P300 with the amount of residual symptoms in each of the four cate-
gories of sequelae and with the GOS. The use of rank correlations allowed 
us to include patients in which SEP latencies were not measurable by as-
signing them the highest rank and thus interpreting these cases as "longer 
(hence worse) than any of the observed SEP latencies". The results of these 
analyses, presented in Table 7.5a, show prominent correlations of P300 with 
two distinct classes of residual symptoms: On the one hand we find corre-
lations with sequelae registered at discharge. On the other hand significant 
correlations are obtained for school problems and personality changes seen 
one and two years later. For the other categories of residual symptoms and 
for the very global (and hence rather crude) GOS, no statistically signifi-
cant (P>0.05) correlation with P300 is observed for the one- and two-year 
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Table 7.4: SEP latency irregularities observed in patients after closed head in­















































































































For comparison, similar correlation analyses as for the P300 were per­
formed for the durations of PTA and of coma. The results of these latter 
analyses are given in Table 7.5b, с For completeness also the correlations 
of P300 with the duration of PTA and of coma were determined, the results 
being 0.6838 (P=0.001) for PTA and 0.6367 (P=0.003) for coma. The P300 is 
thus found to exhibit rather strong correlations with both PTA and coma 
duration. 
The results of the correlation analyses suggest that the P300 measured in 
the acute phase after regaining consciousness might qualify as a predictive 
factor for the occurrence of late sequelae in the fields of school perfor­
mance and/or behaviour. To further quantify its prognostic properties, 
the sensitivity and specificity have been calculated. Taking the absence of 
the P300 component ("not measurable" in Table 7.4) as a criterion, school 
problems after two years are found to be correctly predicted with a sensi-
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Table 7.5: Rank correlation coefficients of the number of residual symptoms at 
follow-up intervals and P300, Post-Traumatic Amnesia (PTA) and coma (n.s. = 
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tivity of 3/4 = 75% and a specificity of 11/13 = 85%. For the prediction 
of behaviour/personality changes after two years, sensitivity and speci-
ficity values of 4 /9 = 44% and 7/8 = 88% respectively are obtained. Even 
though these values have some statistical uncertainty due to the relatively 
small numbers of patients involved, they support the attribution of predic-
tive qualities to the P300 measurement, in particular with regard to school 
problems. 
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7.4 Discussion 
Patients with head injury which initially seems to be moderate or even in-
significant, may have substantial morbidity with disruption of psychosocial 
and cognitive functioning many years afterwards. Also mild head injuries 
that fail to produce loss of consciousness can cause recent memory impair-
ment without any other neurological signs (Jennett & Bond 1975, Levin et 
al. 1982b, 1988, Winogron et al. 1984, Binder et al. 1986, Ruijs et al. 1990,1992, 
1993: Chapters 2, 4 and 5). Various studies have also demonstrated that 
persisting cognitive residual symptoms may result from even mild head 
injuries (Winogron et al. 1984, Levin et al. 1988, Ruijs et al. 1993: Chapter 5). 
In patients sustaining head trauma, prediction of the ultimate outcome soon 
after injury is difficult. Age, length of coma period, length of PTA and ad-
mission EMV score are only some of the factors which have been reported 
to be useful in predicting outcome in severe and even mild CHIs. 
In our study rather strong correlations are observed for the P300 SEP 
component with various residual symptoms present at the time of discharge 
as well as with the duration of PTA and of coma. However, because at 
discharge the condition of a patient is still determined by the aftermath of 
the injury and by the immediate aftereffects of the cerebral involvement, we 
believe it is not justified to attribute specific prognostic interpretations to 
these "short-term" P300 correlates. 
The predictive quality of the P300 measurement rather appears to lie 
in the realm of school problems and - to a somewhat lesser extent - per-
sonality changes after one and two years. In a previous study (Ruijs et al. 
1993: Chapter 5) we showed that school problems and personality changes 
diminish substantially during the first year after the injury: Only after at 
least one year the eventual amount of permanent sequelae can be assessed. 
The P300 is thus found to correlate specifically with the presence of the 
more persistent (and possibly permanent) residual symptoms in the fields 
of school performance and behaviour. This agrees well with the notion of 
P300 being related to brain areas involved in learning, memory and cog-
nition. Although the P300 correlations are somewhat lower than the ones 
obtained for coma and PTA, they are clearly more specific. We thus conclude 
that measurement of the P300 latency time in the acute phase provides ad-
ditional prognostic information on the amount of residual school problems 
to be expected. This conclusion is supported by the results of a sensitivity 
and specificity analysis. 
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At this point it is fair to say that these results and conclusions still have to 
be regarded as preliminary because of the rather small number of subjects 
in the present study (N=17). 
Various differences in approach and/or patient population preclude a 
detailed comparison with other studies. In particular we measured the SEPs 
after the patients regained consciousness whereas in many other studies 
SEPs were measured while patients were still in coma. Moreover, our 
patient population comprises a large fraction of mild and moderately severe 
traumas (Table 7.2). We will nevertheless discuss some results of others 
which are of interest in view of the present study. 
In very severely head-injured patients multimodality evoked potentials, 
including visual evoked potentials, somatosensory evoked potentials (SEP) 
and brainstem auditory evoked potentials (BAEP) have been reported to 
provide a more accurate prognostic guide than clinical evaluation alone 
(Greenberg et al. 1977,1981, De la Torre et al. 1978, Lindsay et al. 1981, Newlon 
et al. 1982, Pfurtscheller et al. 1985, Zentner & Ebner 1988). Especially short 
EP components have already been used in the assessment and prognosis of 
coma after head injury. Greenberg et al, Hume & Cant (1981), Newlon et 
al., De la Torre et al. and Zentner &c Ebner describe significant correlations 
between short EP responses and GOS in comatose patients with severe head 
trauma. Note that these early EP components are predominantly of sensory 
origin, are generated close to the primary projection area of any cortical 
region and generally depend on the physical nature of the stimulus. In 
our patients the short-latency SEPs have been recorded as well. In contrast 
to other studies all our patients were conscious and co-operative at the 
moment of registration. The short latencies in our patients did not differ 
significantly form the age-matched control group. We thus conclude that 
measurement of short-latency EP components once the patient has regained 
consciousness does not yield relevant information. 
Whereas the short-latency EPs measure the sensory input to the primary 
projection areas of specific cortical regions, the long-latency EP components 
are related to complex interactions and cortical integration processes. They 
also reflect projections of the non-specific thalamic nuclei and the reticular 
formation in the brainstem and thus primarily measure cortical activity and 
integrity. It is known that a normal short-latency EP does not necessarily 
result in normal long-latency EP components. However, when a normal 
morphology and topography of late EP components is found, a normal 
short-latency can be assumed. 
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Various authors describe studies of long-latency EPs in head injured 
patients. Pfurtscheller (1985) found that long-latency SEP values correlate 
strongly with the degree of impaired consciousness and may serve to predict 
the outcome. In that study most patients with a clear long-latency SEP when 
in coma had a favourable outcome. A missing or a questionable SEP was 
indicative of a poor outcome. 
Only a limited number of studies describe EP findings in patients with 
mild or moderately severe head injuries (Rowe & Carlson 1980, Hume & 
Cant 1981, Noseworthy et al. 1981, Rappaport et al. 1981, Benna et al. 1982, 
Schoenhuber et al. 1983,1985,1986, Papanicolaou et al. 1984, Drake & John 
1987, Werner & Vanderzant 1991). Most of these studies were testing the 
brainstem auditory evoked potentials (BAEP) which has been proposed 
to be an objective neurophysiologic measure of the extent of head injury 
(Rowe & Carlson 1980, Noseworthy et al. 1981, Schoenhuber et al. 1983, 
1985,1986, Drake & John 1987). The BAEP is found to be an accurate and 
objective measure of the auditory nerve and brainstem auditory pathway 
function. Abnormalities in the BAEP have been shown to be associated 
with brainstem lesions in severely head-injured patients but appeared to be 
a poor predictor of outcome compared to long-latency evoked potentials 
(Drake & John 1987). 
In conclusion, our study provides evidence in support of the hypothe­
sis that in children with СШ the latency time of the P300 somatosensory 
evoked potential, when measured in conscious patients, provides a specific 
clue to long-term residual symptoms in the fields school performance and 
behaviour. Early indications on post-accidental school problems may then 
be obtained by screening for abnormally long P300 values. 
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Abstract 
Neuropsychological recovery in closed head injury was studied in 25 chil-
dren. A battery of tests was used to assess the cognitive faculties of in-
telligence, memory and attention. It was administered once during hos-
pitalization and then at 3, 6 and 12 months after discharge. A recovery 
tendency is seen in selective attention, speed and information processing 
and in the intellectual abilities, with the exception of the verbal intelligence 
quotient (VIQ) in severely injured children (post-traumatic amnesia of at 
least 24 hours). Recovery is most rapid during the first three to six months, 
but substantial recovery continues for one year. Obviously neuropsycho-
logical evaluations during the first six months do not reflect the patient's 
level of functioning in the long run but merely give an indication about the 
prognosis. In all tests, a significant recovery after 12 months was found 
to be preceded by a recovery at the 6 months interval. In clinical practice 
this would imply that functions which show little improvement after six 
months, have a bad prognosis for further recovery. 
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8.1 Introduction 
Traumatic brain injury is the major cause of acquired cerebral dysfunction 
in children (Levin & Eisenberg 1979b, Jaffe et al. 1992). The largest fraction 
of traumatic brain damage in childhood is caused by Closed Head Injury 
(CHI) rather than by open or penetrating injury (Levin & Eisenberg 1979b, 
Annegers 1983, Callahan-Henry et al. 1992). Despite a high incidence (0.42 
per mil., Annegers 1983) of CHI among children, there is only limited knowl-
edge of the course of neuropsychological recovery. It is well recognized that 
very severe CHI in children and adolescents generally results in neurobe-
havioural disturbances (Klonoff et al. 1977, Levin & Eisenberg 1979a, 1979b, 
1991, Braakman et al. 1980, Levin et al. 1982a, Filley et al. 1987, Ruijs et al. 
1990: Chapter 2, Capruso & Levin 1992, Chapman et al. 1992). Cognitive 
impairments are a commonly reported long-term consequence in severe 
paediatric CHI (Brown et al. 1981, Chadwick et al. 1981a, 1981b, Eiben et al. 
1984, Winogron et al. 1984, Bawden et al. 1985, Lanser 1985, Kriel et al. 1988, 
Levin et al. 1988, Asarnow et al. 1991, Murray et al. 1992). Especially memory 
impairment is found to be one of the most notable cognitive deficits, (e.g. 
Levin & Eisenberg 1979a, 1979b, Levin et al. 1982a, 1988, Chadwick et al. 
1981a, 1981b). 
General clinical belief holds that most of the recovery from CHI in adults 
occurs during the first year following head injury. 
Brink et al. (1970), Levin & Eisenberg (1979a, 1979b) and Levin et al. (1988) 
found that also in children, the greater part of the recovery takes place within 
the first year. In some severe cases, improvement in psychological perfor-
mance continued for as long as 3 years after the injury (Brink et al. 1970). 
Most studies consist of initial testing in the acute phase, followed by only 
one repeated measurement, one or more years later. To provide appropriate 
rehabilitative and educational services during the first year, a better under-
standing of the course of improvement within this year is desirable. It is 
therefore remarkable to find that neuropsychological investigations into the 
specific course of recovery are rather scarce (Fuld & Fisher 1977). Detailed 
studies on the specific nature and recovery tendency of neurobehavioural 
disturbances after severe paediatric CHI are lacking. Less is even known 
about long-term residual symptoms and recovery tendency in children with 
mild and moderately severe CHIs. 
This study reports on a cohort of children with mild/moderate and severe 
CHIs. To investigate in detail the course of neuropsychological recovery, 
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we measured the cognitive abilities, memory functions and attention at five 
successive occasions over the first two years post-injury. For the systematic 
serial testing of CHI children we used a comprehensive neuropsychological 
test battery. In addition we consistently documented a number of acute 
neurological severity indices of paediatric CHI (Ruijs et al. 1992: Chapter 4). 
8.2 Methods 
8.2.1 Subjects and Measurements 
Children in the age group from 5 to 15 years who sustained diffuse brain 
injury from CHI which resulted in a documented period of Post-Traumatic 
Amnesia (PTA), were identified consecutively on presentation to the emer-
gency room. Patients with local lacerations such as a depressed fracture 
of the skull or an intracranial haemorrhage were excluded. To prevent in-
terference from premorbid disorders and other confounding factors, strict 
inclusion criteria were introduced. Children were not eligible for enrollment 
if they had a premorbid Intelligence Quotient (IQ) of 70 or less (informa-
tion obtained from questionnaires completed by the parents and the school 
teacher), a history of psychiatric or neurological disturbances requiring hos-
pitalization, non Dutch-speaking parents, previous traumatic brain injury 
requiring hospitalization, suspected physical abuse, pre-existing major mo-
tor impairment, or residence outside the Netherlands. Because of these 
strict criteria a small but homogeneous group of patients was selected. Dur-
ing two years 29 children who were admitted to the University Hospital 
St. Radboud in Nijmegen with brain damage from CHI were identified as 
eligible for enrollment. Four patients died in the acute stage during hospi-
tal treatment which left us with 25 patients (boys: 14, girls: 11) for further 
study. The age of the patient group ranged from a minimum of 5.3 years to 
a maximum of 15.5 years (mean: 9.9 years, standard deviation: 2.7 years). 
All 25 patients were prospectively entered into a CHI protocol and re-
ceived standard treatment (Ruijs et al. 1993: Chapter 5). The lengths of the 
coma and PTA periods were adopted as measures of the severity of the 
initial brain damage. Our procedures to assess PTA and coma have been 
described in detail elsewhere (Ruijs et al. 1992: Chapter 4). A cross tabula-
tion of the duration of coma and of PTA, each classified into eight classes, 
is presented in Table 8.1. 
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Adopting a classification scheme explained elsewhere (Ruijs et al. 1993: 
Chapter 5), the study population was subdivided into two severity classes: 
mild/moderate cases (from here on simply called moderate) who suffered 
a period of PTA of less than 24 hours (N=15), and severe cases who suffered 
PTA for 24 hours or more (N=10). 
An estimate of pre-traumatic intelligence of the children in the research 
group was based on questionnaires which were completed by the parents 
and the school teacher immediately after admission. Intelligence below av-
erage (IQ < 85) was found in 8%, mean intelligence in 40%, and intelligence 
above average (IQ > 115) in 52% of the children. Note that the fraction 
of children with an intelligence above average is unusually large. Because 
of this skew distribution, our results may not always be representative for 
the population at large. The distribution of pre-traumatic intelligence was 
found to be essentially equivalent in moderate and severe CHI patients, 
thuswise both subgroups are comparable to each other. 
8.2.2 Neuropsychological Test Battery 
The test battery comprises tests for the most vulnerable functional systems: 
intellectual abilities, memory functions and attention. A summary of tests 
used in this study is presented in Table 8.2. A brief description of each test 
is given below. 
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Wechsler Intelligence Scale 
for Children - Revised 
15-Words Test for Auditory 
Verbal Learning 
Benton Revised Visual 
Retention Test 




Verbal IQ: verbal functioning 
Performance IQ: visual-perceptual 
functioning 
Full-Scale IQ: overall intellectual 
functioning 
Short-term verbal learning and 
long-term verbal recall 
Short-term and long-term visual 
perception recognition and visuo-motor 
function 
Measure of selective attention, speed 
and accuracy 
Interference of information processing, 
selective attention, speed and accuracy 
10 is accurate. The speed scores run from 1 to 5, in which 1 stand for 
slow, 3 for average and 5 for very fast. 
5. Attention: Stroop-Colour-Word Test (Stroop 1935). 
The Stroop test was used to assess susceptibility to distraction. The 
task included three conditions: colour naming, word reading, and an 
"interference paradigm" in which the words for colours were printed 
in a competing colour. The child had to name the items as quickly 
as possible, the task in the last condition being to name the colour of 
the print used. Interference as measured by the Stroop test is based 
on the assumption that in the third condition reading interferes with 
the task, namely naming the colour of the print. This interference can 
only occur when reading is already an automatic process as opposed 
to the process of naming which is not automatic and needs continuous 
control. 
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Table 8.3: Number of CHI patients at follow-up intervals and the percentage 



















































































The initial neuropsychological testing (baseline) took place between one 
and three weeks after the date when full orientation was regained, i.e. after 
the period of PTA had ended. All tests were repeated 3,6,12 and 24 months 
thereafter. 
Table 8.3 presents the numbers of patients participating in each of the 
tests at baseline and follow-up intervals. Of the severe CHI patients, two 
children at baseline and one of these still at the three months follow-up 
interval, were clinically in too bad a condition to obtain reliable test results. 
One child in the moderate CHI group could not be tested at baseline be-
cause of a surgical complication. After 24 months a total of seven patients 
refused participation, mainly because they had only very minor sequelae 
(two patients from the severe group) or none at all (five moderate patients). 
For the latter five children, parents and school teachers reported that full 
premorbid intellectual levels were attained. 
The percentage of subjects completing the various neuropsychological 
tests at each follow-up interval is also presented in Table 8.3. When testing 
intelligence (WISC-R), five patients were missing at initial assessment and 
only one after three months. These patients are missing because of rest-
lessness and high fatigability (four patients from the moderate group) or 
inability to cooperate (two severe patients). When testing memory func-
tions, it was found that the 15-WT could be administered in almost every 
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patient at the various assessment occasions, whereas many patients, in par­
ticular among the severely injured children, could not finish the Benton test. 
The attention tests (Bourdon-Vos and Stroop) were administered at the end 
of the neuropsychological test battery. In the course of time more moder­
ate CHI patients were able to finish the attention tests. In contrast, some 
children with severe С И remained incapable to finish both tests during the 
entire follow-up period. 
8.2.4 Data Analysis 
Where applicable, all raw scores were first converted to age-related norm 
scores. 
Neuropsychological recovery of the patients was assessed by comparison 
of the follow-up scores with baseline values. Since, for reasons explained in 
the previous section, the results for the 24 months follow-up interval are very 
incomplete, the 24 months results were excluded from this analysis. As the 
same statistical test was applied several times, we have sought to control the 
cumulative probability of an erroneous conclusion by using a Closed Test 
Procedure (CTP) (Bauer 1991). This was done in the following way: First 
we assessed the recovery for the 12 months follow-up interval by carrying 
out a f-test with (nominal) significance level 0.05. Only if this yielded a 
positive result, the 6 months follow-up was assessed in the same way. Only 
if this again gave a (nominally) significant result, the 3 months interval was 
assessed. This stepwise procedure insures an overall significance level of 
0.05 (two-sided testing) for each type of test, irrespective of the fact that the 
tests were repeated several times. It corresponds to the intuitive idea that 
one first assesses whether after 12 months any recovery at all is observed 
and, if so, from which moment onwards this improvement starts to show 
up. 
8.3 Results 
8.3.1 Intellectual Ability: WISC-R 
The results on the overall pattern of the intellectual recovery are presented 
in Table 8.4. This table gives the means and standard deviations of the IQ 
subscales VIQ, PIQ and FSIQ for each of the follow-up intervals and for the 
moderate and severe paediatric CHI patients separately. 
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Table 8.4: Pattern of intellectual recovery for moderate and severe paediatric closed 
head injury. Presented are mean values and standard deviations for the WISC-R 






















































































'Significant (P<0.05) improvement with respect to 
baseline (Closed Testing Procedure) 
From Table 8.4 it can be seen that the WISC-R mean scores of the severely 
injured patients is considerably below (more than one standard deviation 
of 15 IQ-points) the level of the moderately injured patients. This difference 
between both subgroups is found to be almost significant (P<0.1) in all 
subscales. Further it is apparent that during follow-up in all CHI patients 
the mean PIQ score is significantly (P<0.05) higher than the mean VIQ score. 
The next point to note is that all but the mean VIQ in severely injured 
children, show a significant increase (CTP) on the various subscales of the 
WISC-R intelligence test results during the first year post-injury. The overall 
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picture of the IQ mean scores indicates that improvement is most prominent 
during the first three months and already much weaker in the next three 
months. From 6 to 12 months the improvement continues to slow down 
and after 12 months it even seems to reverse. The latter effect is probably 
due to the fact that a number of the best scoring patients (patients who 
completely or almost completely attained premorbid levels) refused further 
participation after 12 months. 
8.3.2 Memory: Verbal Learning and Recall (15-WT) 
In Table 8.5 the mean scores of verbal learning and verbal recall in moderate 
and severe paediatric CHI patients are given. 
The mean results of the 15-WT on the Learning condition within the first 
year seem remarkably worse for the severely injured group than for the 
moderate group. This difference, however, is not statistically significant. 
After one year, the mean results of the severely injured CHI patients are 
almost equivalent to the mean results of the moderate group. Analysis of 
scores on the Learning condition for the total group (results not included in 
Table 8.5) showed significant improvement (CTP) at each successive assess-
ment occasion. When distinguishing between the moderate and severe CHI 
children we found that only in severe cases significant (CTP) improvement 
is seen after 6 and 12 months. 
The results on the Recall condition of the 15-WT, measuring retrieval of 
newly learned verbal information, need some explanation. Scores on the 
Recall condition are related to scores on the Learning condition. The more 
words a person learns, the more he is expected to remember half an hour 
later; norms for the verbal recall are based on this presumption. When we 
examine the decimal norm scores on the Recall condition (see Table 8.5), the 
mean results show a slight improvement in the first three months for the 
severely injured group and about stable results in the first six months for 
the moderate group. After this period of follow-up, a gradual deterioration 
seems to take place, i.e. although the patients tend to "Learn" more words, 
their "Recall" results lag gradually behind. 
8.3.3 Memory: Visual Short-Term Memory (Benton) 
In Table 8.5 the mean scores and standard deviations of the total number 
of correct pictures out of ten are presented, again for moderate and severe 
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Table 8.5: Mean scores and standard deviations for neuropsychological memory 
tests (15-WTand Benton test) during a two-year follow-up period in moderate and 





















































































'Significant (P<0.05) improvement with respect to baseline 
(Closed Testing Procedure) 
paediatric CHI patients separately. Although moderately injured patients 
appear to score slightly better on each assessment occasion than the severely 
injured patients, the mean scores of both subgroups, even at baseline, are 
in accordance with the age-related norms for the Benton test. Hence we see 
no indication of any impairment in visual memory at all. In addition, no 
significant change (CTP) with respect to baseline was observed during the 
entire follow-up period. 
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8.3.4 Attention: Bourdon-Vos 
The mean results and standard deviations on the Bourdon-Vos Test for 
Children are shown in Table 8.6. Three separate measures are presented: 
(1) Row Time to complete the test (in seconds), (2) normed Accuracy and 
(3) normed Speed (based on Row Time). 
As can be seen from Table 8.6 the moderate group was performing faster 
than the severe group. However, the difference in time between the two 
subgroups was found to be not statistically significant. Also the normed 
Accuracy and normed Speed mean scores are higher for the moderately 
injured patients than for the severe group. Again, with the exception of the 
Accuracy score at baseline, these differences are not significant. 
It is obvious that at initial assessment the mean score of normed Speed 
is far below expectancy in the severely injured patients. Six months later 
the results are improved and in accordance with the normal average perfor-
mance values of 3. The moderately injured group performs already quite 
good (normed Accuracy mean score far above the average of 5) at baseline, 
while the severe group performs above average on Accuracy scores after 
three months. Significant recovery (CTP) is seen in both subgroups for the 
Row Time scores and normed Speed scores after one year. 
8.3.5 Attention: Stroop 
The mean results and standard deviations on the Stroop test are also given 
in Table 8.6. The Interference factor is composed by the difference in time 
(expressed in seconds) necessary to complete the second and third condition 
of this test. In the severe group too many patients were unable to perform 
the Stroop test at initial assessment to get a reliable indication of the mean 
interference factor at baseline. Most characteristic finding is that during the 
first year the moderate CHI patients at each follow-up interval scored on av-
erage significantly (P<0.05) faster than the severe patients. The moderately 
injured patients showed a significant (CTP) change of the mean interference 
factor on the successive assessment occasions as compared to the initial as-
sessment. Also in severely injured children a remarkable improvement of 
the mean interference factor during follow-up is present. However, because 
a baseline value is missing, little can be said about its significance. 
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Table 8.6: Mean scores and standard deviations for attention assessments (Bour-
don-Vos and Stroop tests) during a two-year follow-up period in moderate and 
severe paediatric closed head injury. 















































































































'Significant (P<0.05) improvement with respect to baseline (Closed 
Testing Procedure) 
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8.4 Discussion 
The central topic of this study was to investígate the changes in main cog-
nitive functions in the first two years after CHI in children. For lack of 
pre-traumatic neuropsychological data, we chose as a baseline the situation 
shortly after the patient regained full orientation. It is important to note that 
at the initial assessment some of the worst scoring patients did not partic-
ipate, whereas at the two-year follow-up interval some of the best scoring 
patients were missing. As a result, all recovery rates are probably somewhat 
underestimated while the values for the two-year interval are most likely 
biased towards low values. 
Because of the high assessment frequency, in particular in the first six 
months, one has to be aware of possible practice effects on the test scores 
which may obscure the natural course of recovery. Reviewing the literature 
on practice effects on the performance of brain damaged patients, Shatz 
concluded that improvements attributable to practice tend to be minimal 
(Shatz 1981, Lezak 1983). 
Behavioural disorders, slowness and/or disability to cooperate were ob-
served to be of great influence on the patient's ability to concentrate which is 
needed to complete the neuropsychological tests. Besides, brain damaged 
children tend to fatigue easily. Especially in severely injured children tired-
ness is more disturbing the test results at the end of the neuropsychological 
test battery than at the beginning and, once fatigued, they take longer to 
recuperate than normal children do. In particular the Benton test suffered 
from these effects, resulting in a relatively large number of missing values 
(Table 8.3). As a consequence we have to be careful when interpreting these 
data. 
Our results show a significant recovery in the WISC-R subscores during 
the first year in moderate as well as severe CHI patients. The only exception 
is the VIQ score in severely injured patients. During this first year (in 
particular in the first three months) the most pronounced recovery is found 
for PIQ scores. In addition, VIQ scores in moderately as well as in severely 
head-injured children are much lower than PIQ scores. These findings may 
be interpreted in two different and mutually exclusive ways: 
1. The greater increase in PIQ scores might mean that Performance intelli-
gence is most affected by the injury. This interpretation is supported by 
the results of the prospective studies of cognitive outcome after head 
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injury in children by Chadwick et al. (1981a, 1981b). The overall pattern 
of recovery indicates that the final results are a consequence of head 
injury rather than a reflection of pre-injury differences between groups. 
2. Because the difference between the VIQ and PIQ scores tends to become 
larger over the first year, this may also be interpreted as especially 
the Verbal intelligence being affected, resulting in a minimal amount 
of recovery. The initial higher score on the Performance tasks and 
the greater progress during follow-up, could then be explained as a 
smaller impact of the severity of head injury and / or a greater remaining 
capacity (plasticity) to recover on these kinds of tasks. 
The first interpretation, viz. that PIQ is affected most by the injury, is in 
accordance with other studies concerning the impact of paediatric CHI on 
intelligence: Chadwick et al. (1981a, 1981b), Bawden et al. (1985), Filley et 
al. (1987) and Jaffe et al. (1992) also found WISC-R PIQ affected more then 
VIQ. Chadwick et al. and Bawden et al. even found no verbal deficits at all. 
Chadwick et al. reported a recovery tendency, but still found a persistence 
of intellectual impairments in a group of severely injured children (PTA 
at least one week) till 2\ years after their injury. In contrast, no cognitive 
sequelae (transient or persistent) could be detected when the PTA was less 
than 24 hours. This is in contradiction with our results in which recovery 
tendency is also found in moderately (PTA less than 24 hours) injured 
children. 
Lanser (1985), in a study which covered a five year follow-up period, 
found a recovery pattern comparable to ours, i.e. greatest improvement on 
Performance scores accompanied by consistently lower Verbal scores. As 
improvement of intellectual functions in these five years was only prominent 
in the Performance tasks and because a significant correlation was only 
found between severity of the injury and PIQ in the acute stage, it was 
concluded that not the VIQ but rather the PIQ was affected. 
The time course for the recovery of intellectual abilities (WISC-R) as found 
in our study compares well with research of Rutter et al. (1980), Brown et al. 
(1981), Chadwick et al. (1981a, 1981b), who report that the rate of recovery 
is most rapid in the months immediately after the injury and that recovery 
continues throughout the first year after which stabilization takes place. 
Our results for the 15-WT show that in severely injured patients the mean 
values of verbal Learning are far below average during the first six months 
post-injury. This is indicative of impairments in the storage of new infor-
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mation. In the period thereafter, until one year, significant recovery is seen 
to values above average, indicating the absence of long-term impairments 
of verbal Learning. In contrast verbal Recall is still disturbed one year after 
СШ and even appears to deteriorate. Direct evaluation of the contributions 
of storage and retrieval to what is recalled is not possible. 
Other studies into verbal memory impairments after paediatric CHI are 
rather scarce. Exceptions are the studies by Levin & Eisenberg (1979a, 
1979b), Levin et al. (1982a, 1988) and Ewing-Cobbs et al. (1990), which report 
impairments of verbal Learning and verbal Recall at baseline. Despite over­
all improvement after the first year, serious impairments were still reported 
in severely injured children. Patients who sustained mild to moderate CHI 
recovered to a level that approximated normal controls. Our results on 
the verbal memory conditions are not fully in agreement with the results 
of Levin et al. At baseline we found only verbal Learning impairments in 
the severely injured patients and after one year these patients were scoring 
within the norm. Verbal Recall impairments were still present one year after 
the head injury in all patients. This difference may be due to the different 
severity classification schemes used in the various studies. 
Overall performances on the Benton visual memory test did not consid­
erably differ from the expected norms during the entire follow-up period. 
Apparently there is no indication of specific long-term impairment in visual 
perception, recognition or visuo-motor function. As mentioned before, the 
number of patients which actually did complete the Benton test is somewhat 
small. Rather than relying on our limited data alone, we tend to agree with 
the conclusion of some other studies concerning visual and verbal memory 
after paediatric head injury, viz. that in the long run the visual memory 
functions may turn out to be more disturbed and show stronger recovery 
than the auditory memory functions (Chadwick et al. 1979a, 1979b, Levin et 
al. 1988). 
The Bourdon-Vos test yields two measures: Speed and Accuracy. In 
moderately injured patients the Bourdon-Vos results show a small deterio­
ration of Speed at baseline and slight recovery within the first six months, 
while Accuracy is not affected at all. For the severely injured patients atten-
tional impairment is found which is characterized by pronounced deficits 
in Speed improving gradually during the first year post-injury. Accuracy is 
well above average and only somewhat lower at initial assessment. 
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The Bourdon-Vos results on Speed are confirmed by the Stroop test which, 
for both severity groups, is characterized by an overall reduction of speed at 
baseline followed by a significant recovery during the first year of follow-up. 
In general we find that in severely injured children cognition is more 
affected than in children with moderate CHI. Whereas moderately injured 
patients scored already within the norm at baseline, severely injured patients 
scored significantly lower on verbal learning and accuracy. Within the first 
year post-injury, improvement to age-appropriate levels was seen. We also 
saw that verbal recall and visual memory are still disturbed in all patients 
one year after the accident. Furthermore, there is indication that intelligence, 
speed and selective attention are below general population norms in the 
severely injured patients. 
With the exception of VIQ scores in severely injured children, the present 
study shows a significant recovery of WISC-R intelligence scores, of selective 
attention and of speed and information processing in the first year after 
paediatric CHI. We might hypothesize that the larger recovery seen for the 
PIQ and the Bourdon-Vos and Stroop tests is due to a greater possibility of 
neurological recovery because of a more diffuse neurological distribution 
of representation, whereas the neurological representation of the functions 
underlying VIQ is more localized. 
Overall recovery of cognitive functions is found to be strongest in severe 
CHI patients. Recovery tends to be most rapid in the first three months 
after which the rate of recovery decreases gradually reaching an asymptote 
around one year post-injury. The presence of significant recovery implies 
that the observed deficits are a consequence of the injury and did not ante-
date the accident. 
For all tests a significant recovery after 12 months was found to be pre-
ceded by a recovery at the 6 months interval. In clinical practice this would 
imply that in functions for which little improvement is seen after six months, 
the prognosis for further recovery is very dim. Notice however that neu-
ropsychological evaluations at six months post-injury usually do not reflect 
the patient's eventual outcome. 
Slowness, which is a characteristic finding within the first year post-injury 
in all CHI children (in particular in severely injured children) is found to 
be remarkably accompanied by great accuracy. This probably indicates a 
strategy used by most CHI patients: preference of accuracy over speed. 
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To conclude, we may infer form these data that severely as well as mod-
erately injured children are at increased risk of school failure within 6 to 
12 months post-injury and most probably also still thereafter. They require 
special attention by careful monitoring neuropsychological and psycho-
educational progress. Research is needed to analyze the exact nature of the 
deficits shown by head injured child. Determination of the origin should 
underly the choice of rehabilitation strategies. These could include the 
counseling of parents and teachers to recognize child's disabilities, to make 
them practice the deficient skills as well as to teach the child to employ 
alternative strategies. Thus, the main point of special neuropsychological 
testing is not to demonstrate the effects of generalized brain injury, but to 
identify specific neuropsychological deficits, whichever their cause, with a 
view to arrive at better aftercare and rehabilitation. 

Chapter 9 
Summary and Concluding Observations 
9.1 Summary 
This thesis presents the results of two clinical studies into long-term conse­
quences of brain damage from "Closed Head Injury" (CHI) in children. The 
general aim of these studies was to gain more insight into the neurological 
and neuropsychological effects of paediatric CHI. More in particular, we 
studied the recovery tendency and the relation between a number of neu­
rological severity indicators and eventual sequelae. The research aimed at 
the identification of indicators which would be useful as early predictors of 
sequelae. 
CHAPTER 1 gives a general introduction and describes the aim and outline 
of the research programme. 
CHAPTER 2 gives an overview of the findings of a retrospective "pilot" 
study of long-term sequelae in paediatric CHI. This study focused on a 
period between two and four years post-injury. A group of 70 selected 
patients participated. Coma duration was adopted as a measure for the 
severity of the brain damage. The pilot study demonstrated that even 
children with СШ involving a coma duration of one hour or less sometimes 
do show neurological, neuropsychological and/or psychosocial residual 
symptoms and that patients who had been in coma for one week or more 
always do present such residual symptoms. Moreover, it was found that a 
number of sequelae, in particular behavioural and /or personality changes 
as well as slight intellectual defects often are not recognized at an early 
stage. Whereas initial neurological and psychoreactive changes regress in 
most cases, symptoms such as headache, dizziness, poor concentration, lack 
of confidence, anxiety, fatigability etc. frequently persist. These symptoms 
may result in psychosocial problems and impaired school performances. We 
124 Chapter 9 
conclude that patients with little or no neurological function loss, after the 
accident nevertheless do suffer from disturbing mental and psychosocial 
disorders in the realm of family life or school. These problems are not 
sufficiently recognized by the medical profession and as a result, the young 
victim runs a substantial risk of ending up in an aftercare vacuum. 
The findings of this retrospective pilot study were so intriguing that it 
was decided to start a second, more comprehensive prospective study in 
children with diffuse brain injury from СЫ. In the period 1985 through 
1987,54 children with CHI, aged 2 to 15 years and meeting a range of selec­
tion criteria, were entered into a CHI protocol. This included a follow-up of 
all patients until two years after discharge. During the follow-up period pa­
tients underwent neurological and neuropsychological examinations, first 
at discharge and then at 3,6,12 and 24 months thereafter. 
CHAPTER 3 reviews the literature on outcome of paediarric CHI. Special 
attention is given to the relationship between clinical neurological trauma 
parameters and neuropsychological long-term sequelae. A number of stud­
ies suggest the presence of marked cognitive impairment concomitant with 
a decline in school achievement after paediatric CHI. However, a reliable 
prediction of the level of neuropsychological recovery and long-term out­
come from CHI of varying severity in children awaited further study. The 
usual view that children are relatively impervious to cognitive impairment 
after CHI clearly is not substantiated by the neuropsychological data cur­
rently available. A major problem when comparing the various studies is 
the lack of procedural uniformity both of the assessment of severity of in­
jury and of the measurement of neuropsychological outcome. This review 
draws attention to the need for outcome research integrating both acute neu­
rological indices (e.g. Glasgow Coma Scale (GCS), duration of coma or of 
Post-Traumatic Amnesia (PTA), neuroradiological and neurophysiological 
findings) and the results of consistent serially administrated neuropsycho­
logical test batteries. 
CHAPTER 4 describes a PTA procedure which we developed especially 
for our study and which is applicable over a wide range of children's ages. 
This procedure was applied in the CHI research group. In addition the 
coma duration was assessed, by means of repeated application of the GCS 
(also known as EMV score). The prognostic qualities of PTA and coma 
duration were explored by analysing the correlation of these variables with 
the Glasgow Outcome Score (GOS), a global measure of the severity of 
sequelae. We found that duration of PTA as determined by our procedure 
correlates as strongly with the GOS as does duration of coma. Thus, from 
a statistical point of view, both variables qualify equally well as a general 
prognostic indicator of long-term outcome. Since in clinical practice coma is 
much easier to assess than PTA, coma duration will be the preferred choice. 
Moreover its value is known earlier in the course of treatment. 
CHAPTER 5 focuses on the occurrence of a number of more specific long-
term sequelae. In particular we investigated and compared the duration of 
coma and of PTA as prognostic indicators for the occurrence of the following 
four categories of residual defects: neurological defects, somatic symptoms, 
personality/behavioural changes and school problems. The study popu­
lation was subdivided into three classes of severity of the CHI: mild (PTA 
< 1 hour; N=30), moderate (1 hour < PTA < 24 hours; N=11) and severe 
(PTA > 24 hours; N=13). It was found that only 36% of the patients were 
completely asymptomatic after two years. Three months after discharge 
behavioural changes and school problems were seen in more than 50% of 
all СШ children. Neurological and cognitive defects were found two years 
post-injury in more than 60% of the severely injured children, while in the 
mild and moderate patients these sequelae were hardly seen. Behavioural 
disturbances were still present two years post-injury in more than 50% of 
all patients, even in the lightest category of severity. Both duration of coma 
and of PTA correlated strongly and virtually equally with long-term neu­
rological defects, personality and/or neurobehavioural changes and school 
problems. A composite correlation coefficient for coma and PTA together 
was found on average some 5% higher than the correlation coefficients for 
coma and PTA separately. No correlation at all was found between somatic 
complaints and duration of coma and PTA. Apparently the presence of these 
more subjective symptoms bears little relation to the severity of the initial 
trauma. 
CHAPTER 6 specifically addresses the question of the utility of electroen­
cephalography (EEG) and cerebral computed tomography (CT scan) in pre­
dicting residual symptoms. From this study it appaers that EEG and CT scan 
in children with mild and moderately severe CHI may provide early infor­
mation on the severity of the trauma. Besides, both clinical tools give specific 
clues to the prognosis with regard to long-term residual symptoms, espe­
cially in the fields of neurological defects and school performance. Thus, 
both EEG and CT scanning are essential diagnostic tools in the assessment 
of mild and moderately severe paediatric CHI. 
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CHAPTER 7 reports on a study of the somatosensory evoked potential 
(SEP) in CHI patients. In this study, a sub-group of 17 patients, each with 
PTA > 15 minutes, was selected to participate. Short- and long-latency 
SEPs were recorded in the acute phase after patients regained conscious­
ness. Age-related normative evoked potential data were obtained from 
an age-matched control group of 20 healthy children. Whereas correlation 
analyses showed that the duration of coma and of PTA qualify as predictors 
of sequelae in general, the long-latency somatosensory evoked potential 
P300 correlated specifically with long-term deficits in the field of school 
performance. This led us to the hypothesis that in children with СШ, the 
latency time of the somatosensory evoked potential P300, when measured 
in conscious patients, provides a specific clue to long-term residual symp­
toms in the field of school performance. Early indications on post-accidental 
school problems thus may be obtained by screening for exceptionally long 
P300 values. 
CHAPTER 8 reports on a study of the neuropsychological recovery after 
moderate and severe paediatric CHI in 25 children. The children underwent 
systematic serial neuropsychological testing, both in the clinical phase and 
during a one year follow-up period. Within the first year post-injury both 
the moderate and the severe cases show an overall recovery tendency in in­
telligence, memory, selective attention, speed and information processing, 
with exception of the verbal IQ scores in the severely injured children (PTA 
of at least 24 hours). Recovery is found to be most rapid during the first three 
to six months post-injury, but substantial recovery continues for one year. 
Clearly neuropsychological evaluations during the first six months do not 
reflect the patient's level of functioning in the long run but merely give an 
indication for a prognosis. In all tests, a significant recovery after 12 months 
was found to be preceded by a recovery at the 6 months interval. In clinical 
practice this would imply that functions which show little improvement 
after six months, have a poor prognosis for further recovery. In all chil­
dren the long-term attentional deficit is characterized by mental slowness, 
accompanied by great accuracy, indicating preference for accuracy over 
speed. Furthermore the observed post-traumatic behavioural disorders ap-
paered to have great influence on the performance on neuropsychological 
test batteries. Both moderately and severely injured children are still at an 
increased risk of school problems after six months and even after one year 
post-injury. At least careful monitoring of neuropsychological, psychosocial 
and educational progress during one year post-injury is indicated in order to 
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detect the child's impairments. Determination of the specific neuropsycho-
logical deficits should underlie the choice of rehabilitation strategies with a 
view to arrive at better understanding and aftercare. 
9.2 Concluding Observations 
The preceding chapters present findings on various aspects of long-term 
outcome in paediatric closed head injury. In this final section we reflect on 
the consequences of our results for clinical practice and future research. 
We succesfully developed a procedure to assess the duration of PTA in 
children. In our prospective study this method was applied to determine 
the duration of the PTA period. At the same time we measured the length 
of the coma period. From correlation analyses we found the duration of 
PTA and of coma to have equivalent prognostic properties with respect to 
the various residual symptoms considered. We therefore recommend that 
in clinical practice one assesses the duration of coma rather than of PTA. 
Further research aimed at finding distinctions between the predictive power 
of PTA and of coma would require a substantially larger study population 
and/or the study of more specific residual symptoms. Such research may 
benefit from our PTA procedure and composite correlation method. 
Our study of EEG and CT scan findings showed moderately strong corre-
lations with long-term neurological deficits and school problems. The clini-
cal relevance of these findings lies in the early availability of EEG and/or CT 
scan results, in particular in comatose patients. Further developments in the 
field of neuro-imaging techniques such as functional Magnetic Resonance 
Imaging (MRI) and improved spatial resolution and characterization of spe-
cific neurotransmitters by Positron Emission Tomography (PET) or Single 
Photon Emission Computerized Tomography (SPECT), look promising if 
one seeks to relate specific residual impairments to the pathophysiology of 
(closed) brain injury. 
One of the most interesting results of our study is the apparent prognostic 
value of the long-latency evoked potential P300, specifically for long-term 
school problems. This result clearly calls for independent confirmation on 
the basis of a larger study population. Such research should ideally be 
accompanied by a comprehensive neuropsychological test battery. 
Our study shows that paediatric closed head injury may result in a wide 
range of temporary and permanent sequelae. These include neurological 
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deficits, behavioural problems, personality changes and school problems. 
Neuropsychological tests revealed specific deficits in intellectual abilities, 
memory, selective attention, speed and information processing. Most func-
tions exhibited a distinct recovery tendency, though not always to premor-
bid levels. 
Even children who sustain only mild closed head injuries run a sub-
stantial risk of developing personality changes or behavioural problems, 
frequently accompanied by school problems. This is even so in the ab-
sence of neurological defects and often escapes attention in the acute phase. 
Somatic complaints are usually the first signals of minor neuropsycholog-
ical deficits. Specific tools to diagnose pathological developments are the 
monitoring of educational progress, neuropsychological assessment and 
hetero-anamnestic information from the parents. 
Where the severely and moderately injured children usually will be ref-
ered to appropriate rehabilitation, the mildly injured children are often ne-
glected in this respect. To optimize post-traumatic recovery for these mild 
cases we advise the following strategy, each succeeding step taken only if 
necessary: 
1. Systematic medical and neuropsychological follow-up for at least one 
year post-injury, 
2. Presenting a calm and structured environment, devoid of irrelevant 
stimuli, 
3. Functional training of the deficits observed with extended training 
time, for example interspersed with free play, 
4. Furthering adaptation to residual dysfunction, so that the child may 
resume life at home, at school and in society. 
The effectiveness of this rehabilitation strategy, in particular in relation to 
the nature of the specific deficits exhibited by the head injured child, may 
be evaluated by future research. 
Chapter 10 
Samenvatting en Slotbeschouwing 
10.1 Samenvatting 
Dit proefschrift is gebaseerd op de bevindingen van twee klinische studies 
naar de lange-termijn gevolgen van hersenbeschadiging ten gevolge van 
"Gesloten Traumatisch Schedelletsel" (GTS). De algemene doelstelling van 
beide studies was om een beter inzicht te verkrijgen in de neurologische 
en neuropsychologische gevolgen van GTS bij kinderen. Hierbij ging het 
in het bijzonder om de hersteltendens en om de relatie russen een aantal 
neurologische indikatoren van de ernst van het letsel en de uiteindelijke 
restverschijnselen. Het onderzoek richtte zich met name op het herkennen 
van die indikatoren die bruikbaar zouden zijn als vroege voorspellers van 
restverschijnselen. 
HOOFDSTUK 1 bevat een algemene inleiding en beschrijft doel en opzet 
van het onderzoeksprogramma. 
HOOFDSTUK 2 biedt een overzicht van een retrospektieve "pilot" studie 
naar restverschijnselen van GTS bij kinderen. Dit onderzoek heeft zich 
toegespitst op de periode van twee tot vier jaar na het letsel. De onder-
zoeksgroep omvatte 70 geselekteerde patiënten. Als maat voor de ernst van 
het hersenletsel is de duur van het coma gehanteerd. Uit de pilot studie 
bleek dat zelfs bij kinderen met GTS waarbij het coma een uur of minder 
heeft geduurd soms neurologische, neuropsychologische of psychosociale 
restverschijnselen optreden en dat genoemde symptomen zich altijd voor-
doen bij patientjes waarbij het coma langer dan een week heeft geduurd. 
Verder kwam uit de pilot studie naar voren dat een aantal restverschijnselen, 
met name gedrags- en persoonlijkheidsveranderingen en licht verlies van 
intellekruele vermogens, in het begin vaak niet worden onderkend. Terwijl 
de aanvankelijke neurologische en psychoreaktieve veranderingen in de 
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meeste gevallen na enige tijd verdwijnen, blijken syptomen als hoofdpijn, 
duizeligheid, koncentratieproblemen, verminderd zelfvertrouwen, angst-
gevoelens, snelle vermoeibaarheid e.d., vaak van blijvende aard. Deze 
symptomen kunnen leiden tot psychosociale problemen en verminderde 
schoolprestaties. Wij komen tot de konklusie dat patientjes zonder of met 
slechts gering neurologisch funktieverlies toch kunnen lijden aan geestelijke 
en psychosociale stoornissen met name in de woonsituatie en op school. 
Dergelijke problemen worden onvoldoende onderkend door de behande-
lende artsen, waardoor de betrokken kinderen een gerede kans lopen na de 
behandeling in een nazorgvakuüm terecht te komen. 
De bevindingen van deze retrospektieve pilot studie waren voldoende 
belangwekkend om een tweede studie te beginnen: dit keer een meer omvat-
tende prospectieve studie, gericht op kinderen met diffuus hersenletsel als 
gevolg van GTS. In de periode 1985 tot en met 1987 zijn 54 kinderen met GTS, 
die tussen de 2 en 15 jaar oud waren en die aan een reeks van selektiekri-
teria voldeden, opgenomen in een GTS-onderzoeksprotokol. Dit protokol 
voorzag in het vervolgen van deze patiënten tot twee jaar na ontslag uit het 
ziekenhuis. In deze periode werden de patiënten regelmatig neurologisch 
en neuropsychologisch getest, de eerste keer bij ontslag en vervolgens 3, 6, 
12 en 24 maanden daarna. 
HOOFDSTUK 3 bevat een overzicht van de literatuur over de gevolgen 
van GTS bij kinderen. Hierbij is vooral gelet op het verband tussen klini-
sche variabelen met betrekking tot de aard van het neurologische trauma 
en de neuropsychologische restverschijnselen op de lange termijn. Een aan-
tal studies duidt op belangrijke cognitieve stoornissen gepaard gaande met 
verminderde schoolprestaties na GTS bij kinderen. Het probleem van be-
trouwbare voorspellingen over de mate van neuropsychologisch herstel en 
lange-termijn restverschijnselen bij GTS van uiteenlopende ernst is echter 
nog niet opgelost en vereist nader onderzoek. De gangbare mening dat 
kinderen relatief weinig hoeven te vrezen voor cognitieve stoornissen na 
GTS wordt door de beschikbare neuropsychologische gegevens niet onder-
schreven. Een belangrijke hinderpaal bij het vergelijken van de verschil-
lende studies werd gevormd door de verschillen in gebruikte methoden 
zowel bij het bepalen van de ernst van het hersenletsel als bij het beoordelen 
van de neuropsychologische toestand op de lange termijn. Het literatuur-
onderzoek wijst op de wenselijkheid van onderzoek waarin neurologische 
metingen (zoals de Glasgow Coma Scale (GCS), de duur van het coma of 
de periode van Post-Traumatische Amnesie (PTA), neuroradiologische en 
neurofysiologische bevindingen) worden samengebracht met de scores van 
systematische en herhaalde afname van neuropsychologische testbatterijen. 
HOOFDSTUK 4 beschrijft een methode om het bestaan van PTA vast te 
stellen. Deze methode werd speciaal t.b.v. ons onderzoek ontwikkeld en is 
toepasbaar bij kinderen van uiteeenlopende leeftijden. De methode werd 
gebruikt om bij alle kinderen in de onderzoeksgroep de lengte van de PTA 
periode vast te stellen. Daarnaast werd de duur van het coma vastgesteld 
door herhaald toepassen van de GCS (ook bekend als EMV score). De voor-
spellende waarde van de lengte van de PTA periode en van de duur van 
het coma is nagegaan door hun korrelatie te bepalen met de Glasgow Out-
come Score (GOS), een globale maat voor de ernst van restverschijnselen. 
De tijdsduur van de PTA zoals bepaald met onze procedure en de tijds-
duur van het coma bleken even sterk te korreleren met de GOS. Statistisch 
gezien zijn beide variabelen dus gelijkwaardig als algemene voorspeller van 
lange-termijn restverschijnselen. Aangezien coma in de klinische praktijk 
veel makkelijker is vast te stellen dan PTA gaat de voorkeur uit naar de 
tijdsduur van het coma. Bovendien is deze grootheid in het verloop van de 
behandeling eerder bekend. 
In HOOFDSTUK 5 wordt ingegaan op het optreden van een aantal speci-
fieke gevolgen op de lange termijn. Met name voor neurologische defekten, 
somatische verschijnselen, persoonlijkheids- en/of gedragsveranderingen 
en schoolproblemen is nagegaan of de duur van het coma danwei van de 
PTA een betere voorspelling levert. De patientjes zijn hiertoe ingedeeld in 
drie kategoriën van ernst van het GTS: licht (PTA < 1 uur; N=30), matig 
(1 uur < PTA < 24 uur; N=11) en zwaar (PTA > 24 uur; N=13). Slechts 
36% van de patiënten bleek twee jaar later geen enkel symptoom te verto-
nen. Gedragsveranderingen of schoolproblemen kwamen naar voren drie 
maanden na ontslag bij meer dan 50% van de kinderen met GTS. Neurolo-
gische defekten en cognitieve stoornissen werden twee jaar na het ongeval 
gekonstateerd bij 60% van de kinderen met zwaar GTS, terwijl dergelijke 
gevolgen in gevallen met licht en matig ernstig GTS nauwelijks voorkwa-
men. Afwijkend gedrag bleek zich na twee jaar nog steeds voor te doen 
bij meer dan 50% van alle patientjes, inklusief die met de minst zware 
vorm van GTS. Zowel de duur van het coma als die van de PTA vertoon-
den sterke en ongeveer gelijke korrelaties met lange-termijn neurologische 
defekten, persoonlijkheids- en/of neuropsychologische veranderingen en 
schoolproblemen. Door coma-duur en PTA-duur samen te nemen werd 
een korrelatie-koëfficiënt verkregen die zo'n 5% hoger is dan die van coma-
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duur of PTA-duur afzonderlijk. Voor somatische klachten kon geen korre-
latie worden aangetoond: blijkbaar hangt de aanwezigheid van deze wat 
meer subjektieve symptomen niet samen met de ernst van het aanvankelijke 
trauma. 
HOOFDSTUK 6 stelt de vraag aan de orde in hoeverre elektro-encefalografie 
(EEG) en computer-tomografie (CT scans) bruikbaar zijn bij het voorspellen 
van restverschijnselen. Voor kinderen met licht of matig ernstig GTS blijken 
EEG en CT inderdaad vroegtijdige indikaties te kunnen leveren over de ernst 
van het letsel. Tevens leveren deze beide klinische methoden specifieke 
aanwijzingen omtrent het mogelijk optreden van restverschijnselen in de 
kategorieën neurologische defekten en schoolproblemen. Zowel EEG als 
CT zijn dus belangrijke diagnostische hulpmiddelen bij het inschatten van 
licht en matig ernstig GTS bij kinderen. 
HOOFDSTUK 7 betreft de Somatosensibele Evoked Potential (SEP) bij pa-
tiënten met GTS. Hiertoe werden direkt nadat ze bij bewustzijn waren 
gekomen de vroege en late SEP componenten bepaald bij een deel van 
de patientjes bij wie de periode van geheugenverlies langer dan 15 minuten 
duurde (N=17). Ter vergelijking werden SEP waarden gemeten bij 20 ge-
zonde kinderen die een kontrolegroep met vergelijkbare leeftijdsopbouw 
vormden. Terwijl de kans op lange-termijn restverschijnselen in het alge-
meen korreleert met de duur van het coma en van de PTA-periode, blijkt met 
name de kans op lange-termijn schoolproblemen specifiek te korreleren met 
de laten tie-tijd van de somatosensibele evoked potential P300. Dit leidde tot 
de hypothese dat de latentietijd van de somatosensibele evoked potential 
P300, indien gemeten bij kinderen met GTS kort nadat zij weer bij bewust-
zijn zijn gekomen, kan fungeren als specifieke voorspeller voor hun school-
prestaties op de lange termijn. Een vroegtijdige indikatie voor schoolpro-
blemen zou dan verkregen kunnen worden door te letten op buitensporig 
lange P300 waarden. 
HOOFDSTUK 8 doet verslag van een onderzoek naar neuropsychologist 
herstel bij 25 kinderen na matig ernstig en ernstig GTS. Hiertoe zijn deze 
kinderen regelmatig neuropsychologisch onderzocht vanaf het verblijf in 
het ziekenhuis tot een jaar later. Binnen die periode laten zowel de kin-
deren uit de ernstige als uit de matig ernstige kategorie in het algemeen 
herstel zien wat betreft intelligentie, geheugen, gerichte aandacht, snelheid 
en informatie verwerking. Uitzondering hierop vormde de kinderen met 
ernstig GTS (PTA > 24 uur) wat betreft hun verbale IQ score. Het herstel 
is het snelst in de eerste drie tot zes maanden, maar ook daarna wordt 
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gedurende het eerste jaar nog een aanzienlijke mate van herstel gezien. 
Hieruit blijkt dat de resultaten van neuropsychologische tests de eerste zes 
maanden niet gebruikt kunnen worden om het uiteindelijke mentale funk-
tioneren van de patientjes vast te stellen; hoogstens leveren ze een indikatie 
voor de prognose. In alle gevallen waarin geheel of gedeeltelijk herstel 
werd gezien na 12 maanden, bleek dit voorafgegaan door enig herstel na 
6 maanden. Dit zou betekenen dat de prognose voor herstel na een jaar 
slecht is voor die funkties die niet na 6 maanden al enige mate van herstel 
vertonen. Wat betreft gerichte aandacht worden de gevolgen op de lange 
termijn bij alle kinderen gekenmerkt door mentale traagheid die samen 
gaat met grote nauwkeurigheid, waaruit een voorkeur blijkt voor akku-
ratesse boven snelheid. Verder werd een duidelijke samenhang vastgesteld 
tussen gedragsafwijkingen na het ongeval en de prestaties op neuropsycho-
logische tests. Zowel kinderen met matig ernstig als ernstig letsel hebben 
na 6 en zelfs na 12 maanden nog steeds een verhoogde kans op school-
problemen. Om verminderde vermogens van de kinderen te onderkennen 
is het dus nodig om ten minste een jaar lang hun neuropsychologische en 
psychosociale ontwikkeling alsmede hun voortgang op school te blijven vol-
gen. Nauwkeurige kennis van neuropsychologische stoornissen van deze 
patiënten dient de basis te zijn op grond waarvan optimale revalidatie-
strategieën worden gekozen. 
10.2 Slotbeschouwing 
De voorgaande hoofdstukken verschaffen informatie over verschillende 
aspekten van lange-termijn restverschijnselen van gesloten traumatisch 
schedelletsel bij kinderen. In deze slotparagraaf bezinnen we ons op de kon-
sekwenties van onze resultaten voor de klinische praktijk en voor toekom-
stig onderzoek. 
We hebben een methode ontwikkeld om de tijdsduur van de PTA pe-
riode vast te stellen bij kinderen. Deze methode werd toegepast in een 
prospektief onderzoek van GTS, waarbij tevens de tijdsduur van het coma 
werd vastgelegd. Op basis van korrelatieanalyses blijken de coma-duur en 
de PTA-duur gelijkwaardige voorspellende eigenschappen te hebben voor 
wat betreft de in dit onderzoek betrokken lange-termijn restverschijnselen. 
Wij bevelen daarom aan dat in de klinische praktijk de duur van het coma 
wordt vastgesteld en niet die van de PTA. Verder onderzoek gericht op het 
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vinden van mogelijke verschillen in de voorspellende waarde van de PTA-
duur en de coma-duur vereist een aanzienlijk grotere patiëntenpopulatie en 
zou zich kunnen richten op meer specifieke lange-termijn symptomen. In 
dergelijk onderzoek kan met vrucht gebruik worden gemaakt van de hier 
ontwikkelde methode voor het vaststellen van PTA alsmede van de hier 
gebruikte samengestelde-korrelatie methode. 
Het onderzoek naar resultaten van EEG en CT scans laat redelijk sterke 
korrelaties zien met lange-termijn neurologische defekten en met problemen 
op school. In de klinische praktijk zijn de EEG en CT scan bevindingen van 
belang omdat ze in een vroeg stadium beschikbaar zijn, in het bijzonder ook 
bij patiënten die in coma zijn. Nieuwe medische beeldvormende technieken, 
zoals funktionele MRI, een verbeterd ruimtelijk onderscheidend vermogen 
en de detectie van specifieke neurotransmitters door middel van Positron 
Emissie Tomografie (PET) of Single Photon Emissie Computer Tomografie 
(SPECT), zijn veelbelovend om specifieke restverschijnselen te kunnen re-
lateren aan de pathofysiologie van het (gesloten) traumatisch schedelletsel. 
Een van de opmerkelijkste bevindingen van het onderzoek is de gebleken 
voorspellende waarde van de lange latentie SEP P300 ten aanzien van pro-
blemen op school. Deze bevinding vraagt om onafhankelijke bevestiging op 
basis van een grotere onderzoeksgroep. Idealiter zou dergelijk onderzoek 
direct vergezeld gaan van neuropsychologische tests. 
Het onderhavige onderzoek heeft aangetoond dat gesloten traumatisch 
schedelletsel kan leiden tot een breed skala van tijdelijke en permanente 
gevolgen, waaronder neurologische defekten, persoonlijkheidsveranderin-
gen en problemen op school. Neuropsychologische tests laten specifieke 
stoornissen zien op het gebied van intellektuele vermogens, geheugen, se-
lektieve aandacht, snelheid en informatieverwerking. Op de meeste van 
deze gebieden is duidelijk herstel te zien maar niet altijd tot het oorspronke-
lijke niveau. 
Er bestaat een gerede kans dat zelfs kinderen die een minder ernstig GTS 
hebben doorgemaakt, persoonlijkheids- of gedragsveranderingen zullen 
ontwikkelen, vaak gepaard gaande met problemen op school. Dit geldt 
zelfs wanneer er geen neurologische defekten zijn en wordt in eerste in-
stantie vaak niet herkend. Gewoonlijk zijn somatische klachten het eerste 
teken van lichte neuropsychologische stoornissen. Specifieke hulpmiddelen 
om pathologische ontwikkelingen te herkennen zijn het in de gaten houden 
van de vorderingen op school, het afnemen van neuropsychologische tests 
en hetero-anamnestische informatie van de ouders. 
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Terwijl kinderen met ernstig en matig ernstig GTS gewoonlijk worden 
doorverwezen naar passende revalidatie, worden kinderen met lichtere let-
sels op dit gebied vaak aan hun lot overgelaten. Voor optimaal herstel 
na minder ernstig hersenletsel wordt de volgende strategie aanbevolen, 
waarbij iedere volgende stap slechts genomen wordt indien de noodzaak 
daarvan blijkt uit de voorafgaande: 
1. Systematisch medisch en neuropsychologisch vervolgen gedurende 
tenminste één jaar na het ongeval, 
2. Aanbieden van een rustige, gestruktureerde omgeving, waarbij niet ter 
zake doende stimuli worden voorkomen, 
3. Aanbieden van gerichte funktietraining voor gekonstateerde stoor-
nissen met extra trainingstijd, bijvoorbeeld afgewisseld met vrij spel, 
4. Bevorderen van aanpassing aan blijvende stoornissen, opdat het kind 
het dagelijks leven thuis, op school en in de maatschappij weer kan 
opnemen. 
De effektiviteit van deze revalidatiestrategie, in het bijzonder in relatie 
tot de specifieke stoornissen die het kind met GTS vertoont, zal uit vervolg-
onderzoek moeten blijken. 
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